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FOREWORD 


РвоуЕст МХ-774, ORIGINALLY A STUDY AND RESEARCH 
PROGRAM LEADING TO THE PRACTICAL DESIGN OF A SUPER- 
SONIC—-SPEED GUIDED МІ55ІШЕ ОҒ 1500 то 5000 мІкЕ5 
RANGE, HAS NOW BEEN LIMITED TO THE DESIGN, FABRICA- 
ТГОМ AND FLIGHT TESTING OF SUPERSONIC TEST VEHICLES, 

A LIMITED AMOUNT OF WORK IS CONTINUING ON STUDY AND 
DEVELOPMENT ОҒ LONG=—RANGE GUIDANCE SYSTEMS AND STUDIES 
OF HIGH VELOCITY WARHEAD TEMPERATURES, 


THIS REPORT, THE THIRTEENTH IN THE SERIES, SUM- 
MARIZES PROGRESS MADE DURING JULY AND Аув05т 1947 IN 
MISSILE DESIGN, IN STABILIZATION AND GUIDANCE DEVELOP- 
MENTS, AND IN PREPARATIONS FOR TESTING THE MX-774 ` 
VEHICLES BEING FABRICATED, 
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SECTION |І 
SUMMARY 








A, PROBLEMS INITIATED - WORK CONDUCTED 


THE "ТИ0-5ТАСЕ" STUDIES WERE CONCLUDED EARLY IN UU y; 
ANAE Y T'IGAE 5ТМОІЕ5 


CONTINUING AERODYNAMIC INVESTIGATIONS ON THE SINGLE STAGE 
МХ-774 TEST VEHICLE ARE PRESENTED IN SECTION |V (PAGE 
15). А STATIC STABILITY MARGIN ОҒ 8,2 PERCENT BODY LENGTH 
IS INDICATED AT THE CRITICAL CONDITION OF M = 4.0 DURING 
VERTICAL FLIGHT. PERFORMANCE CHARACTERISTICS SHOW A МАХ- 
IMUM ASCENDING VELOCITY ОЕ 5050 ғт/вес (M = Д.Д1) wHILE 
MAXIMUM ALTITUDE ATTAINED WOULD ВЕ 521,000 FEET, А Pos- 
SIBLE RANGE OF |74 STATUTE MILES WOULD BE OBTAINED WITH 
AN INITIAL FLIGHT PATH ANGLE OF (5 DEGREES, BEHAVIOR ОҒ 
THE MISSILE ON APPLICATION OF FLIGHT PATH CONTROLS IS 
UNDER STUDY IN ORDER TO DETERMINE SUITABLE CONSTANTS OF 
PROPORTIONALITY BETWEEN GUIDANCE SIGNALS AND MISSILE 
RESPONSE, 


RoLL STABILIZATION SYSTEM ANALYSIS WAS BEGUN BUT, WHILE 
ACCEPTABLE SERVO CONSTANTS WERE ARRIVED AT FOR POWERED 
FLIGHT CONDITIONS, A TENDENCY TOWARD INSTABILITY NEAR 
FUEL SHUTOFF NECESSITATES FURTHER МОБК, 


STABILIZATION AND CONTROLS 


A SUCCESSFUL OPERATIONAL TEST RUN OF THE STABILIZATION 
SYSTEM AMPLIFIER AND GYRO PANEL ASSEMBLY WAS MADE ON THE 
FLIGHT SIMULATOR UNIT AND IN ASSOCIATION WITH THE REST OF 
THE STABILIZATION EQUIPMENT, OTHER STABILIZATION SYSTEM 
EQUIPMENT DEVELOPMENT AND TESTS ARE ALSO REPORTED IN 5ЕС- 
тон V| РАСЕ 33). 


GUIDANCE AND TRACKING 


бестіом УІІ (PAGE ДІ) DESCRIBES A HIGHLY SUCCESSFUL АУТО- 
MATICALLY GUIDED FLIGHT, А SUBCLIMAX OF THE MAGNETIC МАУІ- 
GATION STUDIES, THE DISTANCE FLOWN WAS 160 WILES, AND 

THE COURSE WAS FOLLOWED TO THE VICINITY OF THE TARGET, 

А МАР OF THE FLIGHT IS SHOWN ON РАСЕ 40. 


THE PRECISION MISSILE TRACKING SYSTEM DEVELOPMENT HAS РЕКО- 
GRESSED TO THE EXPERIMENTAL MOCKUP AND TESTING STAGE, 
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AZIMUTH TRACKER COMPONENTS HAVE BEEN ASSEMBLED, AND 
ELEVATION TRACKER COMPONENTS ARE NEARING COMPLETION. 
OPERATION OF POSITION TRACKING EQUIPMENT AND BLOCK DIA- 
GRAMS OF THE SYSTEMS ARE DETAILED IN SECTION VII, 


DoPPLER SPEEDOMETER FLIGHT TESTS WERE MADE АТ АМ ALTITUDE 
оғ 7000 FEET AND А RANGE OF 100 MILES, OPERATION PROVED 
VERY SATISFACTORY, WORK ON A DOPPLER RANGE MEASUREMENT 
SYSTEM WAS INITIATED AS WAS DEVELOPMENT OF COMMAND СОМ- 
TROL EQUIPMENT FOR GUIDANCE OF TEST MISSILES, А sTUDY 

OF RANGE MEASUREMENT SYSTEMS WAS COMPLETED AND WILL BE 
RELEASED AS A SEPARATE REPORT, 


TELEMETERING 


A SATISFACTORY FLIGHT TEST OF THE AIRBORNE TELEMETERING 
FOR ТЕ5Т MissiLE No, | wAS MADE. EXCELLENT TELEMETERING 
SIGNALS МЕКЕ RECORDED BY THE GROUND STATION OVER 018- 
TANCES UP TO 250 MILES. REARRANGEMENT OF TELEMETERING 
EQUIPMENT WITHIN THE MX-774 TEST MISSILE IS BEING WORKED 
OUT, _ DEVELOPMENT OF THE VACUUM TUBE GYRO WAS DEFERRED 
FOR MORE URGENT PRO0JECTS. 


DESIGN OF ANTENNAS FOR HANDLING SIGNALS FOR THE DOoPPLER 
SPEEDOMETER AND THE TELEMETERING HAS ВЕЕМ FINISHED, 
THESE FLUSH—STRIP ANTENNAS WILL ВЕ MOUNTED IN THE TAIL 
FINS ОҒ THE TEST УЕН СЕЗ» 


CONSTRUCTION OF THE CAMERA LOCATOR ВЕАСОМ TRANSMITTER IS 
NEARLY COMPLETE, THE BEACON WILL FACILITATE LOCATING 
THE TEST VEHICLE FLIGHT TEST RECORDS WHEN THE REMOVABLE 
NOSE OF THE VEHICLE HAS BEEN PARACHUTED ТО ЕАВТН. THE 
RADAR TRACKING-ASSIST BEACON БЕСЕІУЕН AND TRANSMITTER 
HAVE BEEN CONSTRUCTED AND ARE DESCRIBED ON PAGE 58. 


TEST OPERATIONS 

THE STATIC FIRING TEST SITE AT POINT LOMA, SAN DIEGO, 
IS NEARLY FINISHED, INSTRUMENTATION OF CONTROL HOUSE 
AND TOWER HAS BEEN STARTED, PLANS АВЕ READY FOR СОМ- 
PLETE PHOTOGRAPHIC CONVERAGE OF THE FIRING TEST. 


PLANNING FOR THE МХ-774. FLiIGHT TESTS CONTINUES, 
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B. PROJECT CONTACTS 


VISIT FROM SIGNAL CORPS PERSONNEL, SOUNDING ROCKETS 
WERE DISCUSSED AND CURVES OF ALTITUDE VS PAYLOAD FOR TEST 
VEHICLE FURNISHED, AS A RESULT A REPORT WAS PREPARED AND 
FORWARDED TO THE SIGNAL CORPS GIVING A DESCRIPTICN OF THE 
SINGLE STAGE TEST VEHICLE, MODEL 6002, ADAPTED TO USE AS A 
SOUNDING БОСКЕТ. 


VISIT FROM CHEMICAL CORPS PERSONNEL, CHEMICAL WARHEADS 
AND SPOTTING CHARGES FOR TEST VEHICLE WARHEAD МЕНЕ DiscussED, 
THE CHEMICAL CORPS IS INITIATING A TEST PROGRAM INTENDED TO 
DETERMINE THE MOST SUITABLE SPOTTING CHARGE FOR THE MX-77A 
TEST VEHICLE WARHEAD, 
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SECTION I! 
DESCRIPTION OF MISSILE 


A. GENERAL DESCRIPTION 
Тне МХ-774 Тевт VEHICLE 


PROBLEMS., THE MX-77A INBOARD PROFILE IS SHOWN 
B. PRINCIPAL DIMENSIONS AND PARTICULARS 
GENERAL 
SPAN 82.24 
LENGTH (OVERALL]) 212 
HEIGHT Амр WIDTH (MAXIMUM) 2.24 
GRoss WEIGHT 4203 
FINS 
AIRFOIL SECTION 
RooT Сновр 9 
OVERALL CHORD 85 
ІМСІПЕМСЕ 0 
DIHEDRAL 0 
SwEEPBACK 60 
AREA (PER ғім) 10 
TAB AREA (PER TAB) 0.48 
FUSELAGE 
DIAMETER 20 
LENGTH 502 


Коскет CYLINDER RANGE ОҒ MOVEMENT 
PiTcH Axis (2 сүю) Рітсн Сомтво 5 
Рітсн Axis (2 cvL) Кош CoNTROL 5 
YAw Ахіз (2 сүю) YAw CoNTROL 5 
YAw Ахіз (2 сүг) Кош. CoNTROL 5 
TANK CAPACITIES 


FuEL - ALcoHroL I96 

OxXIDIZER-LIQUID OxYGEN 107 

NITROGEN—-PROPELLANT ТАМК ДІДО си IN 
PRESSURIZING 

Мітковем-Н20о TANK 194 cu IN 


PRESSURIZING 
Но02 TANK 9-5 





IS А SELF-LAUNCHED, 
SUPERSONIC ROCKET PROJECTILE PROPELLED BY AN ALCOHOL—-OXYGEN 
MOTOR OF O000-POUNDS THRUST, іт IS BEING DEVELOPED TO STUDY 
POWER PLANT, CONTROL, GUIDANCE, AERODYNAMIC, AND TRAJECTORY 
IN FIGURE 


ЅЕСВЕТ > — 


HIGH—-ALTITUDE 


INCHES 
INCHES 
INCHES 


POUNDS 


MODIFIED DOUBLE WEDGE 


INCHES 
INCHES 
DEGREES 
DEGREES 
DEGREES 
SQ FT 
SQ FT 


INCHES 
INCHES 


DEGREES 
DEGREES 
DEGREES 
DEGREES 


GALLONS 
GALLONS 
1090 рз! 
2000 PsI 


GALLONS 
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BATTERIES 
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PANEL TELEMETERING 
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MAIN CONTROL МАГМЕ: 
STEAM GENERATOR ANTENNA 
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C. FUSELAGE 


THE FUSELAGE IS COMPOSED OF A REMOVABLE TAIL CONE, A 
TAIL ASSEMBLY INCLUDING THE FINS, A CENTER SECTION COMPRISED 
OF THE OXYGEN AND ALCOHOL TANKS, AND A FORWARD AND AFT NOSE 
ASSEMBLY, 


THE ALCOHOL AND LIQUID OXYGEN TANKS IN THE CENTER SECTION 
ARE ОҒ WELDED ALUMINUM ALLOY CONSTRUCTION, Two FAIRINGS wHICH 
HOUSE WIRES AND PRESSURE LINES ARE ATTACHED TO THE TANKS AND 
MAY BE КЕМОУЕПр» ACCESS TO THE COMPARTMENT BETWEEN THE TANKS 
IS BY MEANS OF A REMOVABLE PANEL, THE ALCOHOL TANK IS FILLED 
THROUGH А FILLER NECK LOCATED BETWEEN THE TWO ТАМК5. THE 
LIQUID-OXYGEN TANK 15 FILLED THROUGH А FILLER VALVE LOCATED 
BETWEEN THE ТАМК5. 


D. TAIL GROUP 


THE TAIL GROUP CONSISTS OF FOUR FULL=CANTILEVER SURFACES, 
EACH CONTAINING A CONTROLLED TAB. BASIC STRUCTURE CONSISTS OF 
SPANWISE FABRICATED ALUMINUM ALLOY SHEET RIBS AND SPARS COVERED 
WITH АСОМ і МОМ ALLOY SKIN, 


ONE PAIR OF TABS PERFORMS A SLOW TRIM ROLL CORRECTION AND 
IS ACTUATED THROUGH FLEXIBLE SHAFTS BY A LEAR ACTUATOR TO АТ- 
TAIN FULL 20 DEGREE DEFLECTION IN EITHER DIRECTION IN lÍ SEc- 
оМ05. LiMIT SWITCHES ON THE ROLL MASTER HYDRAULIC CYLINDER 
ENERGIZE THE SLOW TRIM TAB ACTUATOR WHEN THE SWIVELING ROCKET 
MOTORS HAVE ATTAINED |-ПЕСКЕЕ ROLL DEFLECTION, 


THE SECOND PAIR OF TABS ARE CONNECTED THROUGH A TORQUE 
TUBE AND LINKAGE TO A CORRESPONDING PAIR OF ROCKET CYLINDERS 
AND ARE DEFLECTED THROUGH THEIR 20 DEGREE DEFLECTION ІМ EITHER 
DIRECTION BY |0 DEGREES DEFLECTION OF THE ROCKET CYLINDER, 


THE TAIL CONE IS AN ALUMINUM ALLOY SEMI=MONOCOQUE STRUC= 
TURE WHICH MAY ВЕ REMOVED WITHOUT ANY DISTURBANCE ОҒ МЕСНАМ- 
ЇСА1 PARTS, THE PRINCIPAL FUNCTION OF THE TAIL CONE IS TO ACT 
AS A FAIRING AND IT IS REMOVABLE TO PROVIDE FOR ENGINE ACCESS 


AND КЕМОУА(» 


THE EMPENNAGE ASSEMBLY INCLUDES THE TAIL ASSEMBLY WHICH 
IS AN ALUMINUM ALLOY 5БЕМІ-МОМОСОФУЕ STRUCTURE ACTING AS THE 
HOUSING AND SUPPORT FOR THE POWER PLANT AND THE FINS МНІСН 
ARE ATTACHED TO THE TAIL ASSEMBLY WITH SCREWS AND БІУЕТ5, 
ACCESS DOORS, CONSTI!ITUTING ONE QUARTER OF THE TAIL ASSEMBLY 
SKIN, ARE PROVIDED, THE EMPENNAGE ASSEMBLY, !NCLUDING THE 
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POWER PLANT COMPONENTS, CAN BE REMOVED FROM THE MAIN FUSELAGE 
ASSEMBLY AFTER REMOVAL OF THE FAIRINGS AND DISCONNECTION AT 
THE ALCOHOL LINE FLANGE, THE OXYGEN LINE FLANGE, THE CONTROL 
CYLINDER ALCOHOL RETURN LINE FITTING, THE NITROGEN PRESSURE 
LINE FITTING, AND THE ELECTRICAL DISCONNECTS IN THE FAIRING 
TUNNELS, 


E, NOSE ASSEMBLIES 


THE FORWARD NOSE ASSEMBLY 15 АМ ALUMINUM ALLOY SEMI-— 
MONOCOQUE STRUCTURE WHICH HOUSES THE PARACHUTE AND IS SEVERED 
FROM THE MISSILE DURING FLIGHT BY MEANS OF AN ELECTRICALLY 
DETONATED "PRIMA-CHORD", THE FORWARD NOSE MAY BE DISASSEMBLED 
FROM THE MISSILE LEAVING THE CHUTE ATTACHED TO THE AFT NOSE 
ASSEMBLY. 


THE АЕТ NOSE ASSEMBLY 15 OF ALUMINUM:  ALLOY 5БЕМІ-МОМОСОООЕ 
CONSTRUCTION AND HOUSES THE INTELLIGENCE AND GUIDANCE EQUIP= 
MENT AND USEFUL LOAD OF THE MISSILE, ІТ MAY ВЕ REMOVED FROM 
THE TANK SECTION AFTER REMOVAL OF THE FAIRING. 


Р. POWER PLANT 


THE POWER PLANT COMPRISES А REACTION MoTORS INCORPORATED 
ALCOHOL—OXYGEN BURNING ROCKET ENGINE MOUNTED IN A TUBULAR 
STEEL MOUNT AND А FUEL AND OXIDIZER SYSTEM THROUGH WHICH А(- 
COHOL AND OXYGEN ARE SUPPLIED TO THE ROCKET CYLINDERS АТ 450 
PSI PRESSURE BY А TURBO—-PUMP DRIVEN BY THE PRODUCTS ОҒ DIisS- 
SOCIATION OF Н202 МНЕМ ACTED UPON BY А CATYLIST, 


THE 8000-СД ENGINE cCoONSISTS OF FOUR 2000-.РООМО THRUST 
ROCKET CYLINDERS SWIVEL MOUNTED TO A TUBULAR STEEL MOUNT WHICH 
ALSO SERVES AS THE ALCOHOL МАМІҒО О. ALCOHOL 15 FED FROM THE 
MANIFOLD TO THE CYLINDER THROUGH A SEALED BALL JOINT AND А 
CHECK VALVE,. MOoUNTED IN THE MANIFOLD ARE TWO КМІ PROPELLANT 
VALVES WHICH REGULATE THE FLOW FROM THE ALCOHOL PUMP, OXYGEN 
IS FED DIRECTLY FROM THE OXYGEN PROPELLANT VALVE THROUGH A 
SWIVELING JOINT AND CHECK VALVE TO EACH CYLINDER, THE 5МІУ- 
ELING JOINT OXYGEN CONNECTION IS SEALED BY MEANS OF A PRESSURE 
DIAPHRAGM LOADED METAL SEAT.,. THE CYLINDERS ARE SWIVELED PLUS 
OR MINUS |0 DEGREES IN A TANGENTIAL DIRECTION ABOUT FOUR RADI- 
AL AXIS OF 90 DEGREES TO EACH OTHER BY MEANS OF A HYDRAULIC 
ACTUATING CYLINDER OPERATING ON 11.5-1МСН ARMS, 
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SECTION lll 
DESIGN AND FABRICATION 


А. GENERAL 


CURRENT WEIGHT STATUS OF THE SINGLE-STAGE TEST VEHICLE 
IS GIVEN BY TABLE | (Ғів. 2). WHILE WEIGHT FABRICATED (615 
POUNDS) IS REPORTED FOR THE FIRST FLIGHT TEST VEHICLE ONLY; 
SPARES PROVIDE A SIMILAR WEIGHT PROGRESS FOR THE OTHER FLIGHT 
TEST ARTICLES, PRODUCTION RELEASE HAS BEEN SET AT THREE М1І5- 
SILES, 


CG TRAVEL IN THE CURRENT DESIGN FOR THE FLIGHT TEST АВТІ- 
CLES IS SHOWN IN FlGURE 5. 


TIME — SECONDS 
50 40 50 

















VS Сб STA | | VS С6% В 

















































































































8 
G.G. 5ТАТІОМ5 


C.G. % BODY LENGTH (FROM М№ОЅЕ) 
(NOSE STA 21, END STA 383) 





FIG. 3 -- GR0SS МЕІӘНТ VS CG AND TIME 
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| B. STRUCTURES 


16 Мове 


SIDE ЕУЕСТІОМ FOR THE NOSE РАЗАСНУТЕ WAS ABANDONED 
IN FAVOR ОҒ ANOTHER DESIGN INVOLVING МЕТТІЗОМІМС 

OF THE NOSE СОМЕ. А SEPARATE SMALL PARACHUTE FOR 
INSTRUMENTATION CAMERA RECOVERY WAS ELIMINATED, 

THE LOCATOR BEACON WILL BE INCORPORATED IN THE CAMERA 
CONTAINER, PHOTO=RECORDER INSTRUMENT PANEL, CAMERA, 
AND BATTERIES HAVE BEEN LOCATED AFT OF THE CHUTE, 
THE NOSE PARACHUTE WILL BE OF THE MEDIUM WEIGHT RIB- 
„ВОМ TYPE FOR WHICH ATTACHMENT FITTINGS HAVE BEEN 
DESIGNED, А PRIMA=CHORD EXPLOSIVE CHARGE WILL SERVE 
TO EJECT THE NOSE ASSEMBLY AS RECOMMENDED BY AMC, 


МОЅЕ STRUCTURE FOR THE FIRST MISSILE IS ABOUT 70 
PERCENT ASSEMBLED, 


2% FUSELAGE AND TAIL FINS 


WELDING OF TANKS FOR THE FLIGHT TEST MISSILE 15 PRO— 
GRESSING REASONABLY WELL AS IS STRUCTURE FOR THE 

ENGINE AND TAIL SECTION, THE FUSELAGE FOR THE FIRST 

FLIGHT TEST ARTICLE IS ABOUT 25 РЕКСЕМТ ASSEMBLED. 


Two 5ЕТ5 ОҒ ҒІМ5 AND МАТІМС STRUCTURE ARE FINISHED, 
TAB INSTALLATION REMAiNS, 


5% PLUMBING AND WIRING 


PLUMBING FOR ONE MISSILE IS ҒАВЕІСАТЕр, А VIEW ОҒ 
А COMPLETED INSTALLATION IS SHOWN ІМ FIGURE 4. 


THE MASTER WIRING DIAGRAM HAS ВЕЕМ RELEASED, Ім- 
DIVIDUAL DYNAMOTORS FOR USE ІМ А REVISED РОМЕВ SUP- 
PLY FOR BOTH STABILIZATION AND TELEMETERING ЕФОІР- 
MENT HAVE BEEN PROCURED FROM WAA SURPLUS AND PER- 
FORM SATISFACTORILY, THIS REVISED РОМЕР SUPPLY, 
WITH INDIVIDUAL DYNAMOTORS IN PLACE OF A SINGLE 
LARGE INVERTER HAVING AN OVER-ALL POWER FACTOR OF 
LESS THAN 50 PERCENT, REPRESENTS A MAJOR REDUCTION 
IN CURRENT DRAIN ON THE BATTERY POWER SOURCE, THE 
SYSTEM IS BEING BUILT UP FOR USE ON THE SECOND 
FLIGHT TEST MISSILE TO REPLACE THAT PRESENTLY 
DEVELOPED FOR THE FIRST MISSILE AND WILL BE A MAJOR 
IMPROVEMENT, А SUBSTANTIAL DOLLAR SAVING IS ALSO 
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ҒІб. Д -- FUEL PLUMBING INSTALLATION 


INVOLVED 50 LONG AS THE SURPLUS ЕШУІРМЕМТ LASTS, 
SPECIAL WILLARD BATTERIES ARE BEING REPLACED BY 
CONVENTIONAL LEAD=ACID TYPE BATTERIES OF THE SAME 
WEIGHT AND VOLUME BELIEVED TO BE MORE RELIABLE. 


4. Тоо Іме 


ЕХСЕРТ FOR MINOR MODIFICATIONS, TOOLING FOR THE 
FLIGHT TEST VEHICLES 15 NEARLY COMPLETE, А JIG 
PLATE IS NEEDED TO ALIGN THE AFT CENTRAL OUTLET 


FITTING ON THE ALCOHOL TANK SO AS TO BE CONCENTRIC 
WITH THE TURBO=PUMP, 


C. METALLURGY AND STRESS 


REVISED AIRLOADS HAVE BEEN COMPUTED FOR THE PURPOSE OF 
WRITING A FINAL STRESS ANALYSIS REPORT, 


METALLURGICAL PROBLEMS WERE CONFINED TO REWELDING AND RE- 


HEAT TREATING OF THE FUSELAGE TANKS THAT DID NOT HOLD TEST 
PRESSURES, 




















SECTION IV 
DYNAMICS ANALYSES 


А. АЕКООҮМАМІС ІМУЕ5ТІСАТІОМ 


А ЗКЕТСН ОҒ THE FINAL BASIC СОМҒІСУАНАТІОМ ОҒ THE SINGLE 
STAGE TEST VEHICLE IS РВЕЗЕМТЕр BELOW AS FIGURE Бе 


- | 3790 БОЙЫ 
(ИРЕ 3620 — 
°° 
== | 
кексе ТТ = Їзоопд. 
————————Сб.ЕМРТҮ 221.0 
І-------- МОбТАЕТ GG 228.3 


FIG. 5 -- SINGLE STAGE SUPERSONIC TEST VEHICLE 
THE FOLLOWING АЕКО-ПҮМАМІС INVESTIGATIONS HAVE BEEN MADE, 





























j; RESULTS OF THE STATIC STABILITY INVESTIGATION ARE 
PRESENTED IN FIGURE 6. THIS INDICATES AN AMPLE 
STATIC STABILITY MARGIN ОҒ 98,2 PERCENT BODY LENGTH 
AT THE CRITICAL CONDITION (M = 4.0) DURING VERTI- 
CAL FLIGHT (SEE Ғісине 8). 


2, THE МАХІМУМ ANGLES ОҒ ATTACK ATTAINABLE IN РІТСН 
AND YAW DURING VERTICAL FLIGHT ARE PRESENTED СКАРН 
ICALLY IN Ғісиве 7. 


5. PERFORMANCE CHARACTERISTICS IN ASCENDING АМО DES- 
CENDING VERTICAL FLIGHT ARE PRESENTED IN FiGuRE Ө, 
THE RESULTS INDICATE THAT THE TEST VEHICLE REACHES 
А MAXIMUM ASCENDING VELOCITY OF 5051 ЕТ/ЗЕС 
(M = 4.41) AT THE END OF POWERED FLIGHT AND А MAXI- 
MUM DESCENDING VELOCITY ОҒ 5,190 Fr/sEc (M = 5.27) 
WITHOUT THE PARACHUTE ОРЕМ. THE MAXIMUM ALTITUDE 
ATTAINED 15 521,000 FEET. 
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SINGLE STAGE SUPERSONIG TEST VEHICLE 


X =С.Р._ОСАТІОМ MEASURED FROM BASE ОҒ BODY - ЕТ 
Хсс:С-б. LOCATION MEASURED FROM BASE OF BODY- FT 
0 -ВООҮ LENGTH = 30.2 FT 
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0.36 


0.34 


= C.P. AND C.G. LOCATION - DISTANCE F WD ОҒ BASE/BODY LENGTH 
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1. 
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FIG. 6 -- СР АМО CG LOCATION AS А FUNCTION ОҒ 
VERTICAL FLiGHT МАСН NUMBER 
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4. МАХІМОМ RANGE WAS INVESTIGATED BY CALCULATING THE 

RANGE FOR VARIOUS INITIAL FLIGHT PATH ANGLES, THE 

TEST VEHICLE WAS ASSUMED TO BE FIRED VERTICALLY 
4 FOR THE FIRST 18 sSECONDS АМО ТНЕМ TURNED ІМ8ТАМТА- 
NEOUSLY TO THE FLIGHT PATH ANGLEs Өр. THE MAXIMUM 
RANGE ОҒ 17Д STATUTE MILES WAS OBTAINED WITH АМ 
INITIAL FLIGHT РАТН ANGLE OF 75 DEGREES WITH ВЕЗ- 
РЕСТ TO THE HORIZONTAL AS SHOWN IN FIGURE 9, THE 
DETAIL FLIGHT CHARACTERISTICS .ҒОВ Өс = (5 pDEGREES 
ARE PRESENTED IN Ғісивев 10 AND 11. 


SINGLE STAGE SUPERSONIC TEST VEHICLE 


МАХ ЈЕТ DEFLECTION ANGLE 5 DEG 
MAX TAB DEFLECTION ANGLE IO DEG 





DEG 
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МАХ ANGLE ОҒ ATTACK 








о MAX 





M= VERTICAL FLIGHT МАСН NUMBER 





ҒІЗ. Т -- MAXIMUM ANGLE OF ATTACK ATTAINABLE ІМ PITCH AND YAW 
WITH MAXIMUM DEFLECTION OF ӘЕТ5 AND TABS 
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SINGLE STAGE SUPERSONIC TEST VEHICLE 


80 


FOR FIRST I8 SECONDS AND THEN 
TURNED TO THE INITIAL FLIGHT 
PATH ANGLE 


RANGE - STATUTE MILES 
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FIG. 9 -- VARIATION OF КАМСЕ WITH INITIAL FLIGHT РАТН ANGLE 
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ҒІб. 10 -- ҒІ1ОНТ РАТН ANGLE, ALTITUDE, АМО БАМбЕ 
AS FUNCTIONS ОЁ T IME 
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FIG, 10 -- FLIGHT РАТН ANGLE, А(ТІТИОЕ, AND RANGE 
AS FUNCTIONS ОЁ ТІМЕ 
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SINGLE STAGE SUPERSONIC TEST VEHICLE 
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- DYNAMIC PRESSURE —LBS./SQ. FT. 













































































СИЗБИ FOR АМ INITIAL FLIGHT РАТН ANGLE т 
OF 75 DEGREES FROM THE HORIZONTAL ш 
2а z 
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= 
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| FIG, 11 -- DYNAMIC PRESSURE, VELOCITY, AND MACH NUMBER 
| AS FUNCTIONS OF TIME 
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B, AZIMUTH GUIDANCE 


AN INVESTIGATION HAS BEEN STARTED OF THE BEHAVIOR OF 
THE MISSILE WHEN AN ATTEMPT IS MADE TO CONTROL ITS FLIGHT 
РАТН. THE PURPOSE OF THE INVESTIGATION 18 TO DETERMINE 80/1Т- 
ABLE DESIGN CONSTANTS OF PROPORTIONALITY BETWEEN THE GUIDING 
SIGNAL AND MISSILE RESPONSE, 


AxES FIXED ON THE EARTH HAVE ВЕЕМ CHOSEN (SEE FiGuRE 12), 
AND MAJOR ASSUMPTIONS ARE AS FOLLOWS: 


THE VELOCITY IN THE X DIRECTION IS CONSTANT 

ALL ANGLES ARE SMALL 

ALL AERODYNAMIC TERMS REMAIN CONSTANT FOR EACH CASE 
CONSIDERED AT THE VALUE KNOWN AT THE START OF THE 
PERIOD 

(Д) PRopucTs oF ANGLES ARE NEGLIBIBLE 


й 


(1 
(2 
(5 


THE EQUATIONS REPRESENTING THE FIVE DEGREES ОҒ FREEDOM 
THEN ВЕСОМЕ: 


M, Y = (Т/2)(2У-6) «кү, Ú + xo ñ - к» (y -4) (1) 


ур 2к5Ұ-% Ү (3) 
у-,8 = (V = #,)/% (4) 
Š = ко (3-р) + кеў (5) 


WHERE M, = MASS OF THE MISSILE ІМ 51/08 
T Z THRUST IN POUNDS 
1; = MOMENT ОҒ INERTIA IN YAW ІМ 81/6 ғт2 
} | = ОІЗТАМСЕ FROM CG TO СР 
До Z DISTANCE FROM Са ТО ЈЕТ РІМОТ POINT 
кү Сл) |((у/0)(4с,/4%) | 45% 
ко z (ас /de) aS, 
ка = (12/у)(4с,/4)) qS, 


к5 THRU КД ARE DEFINED BY EQUATIONS (3) AND (5) 
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Í УМ. 

ШЕТ РІМОТ POINT 
Z — 


VMG IS VELOCITY OF MISSILE WITH RESPECT TO GROUND 


VMw 15 VELOCITY ОҒ MISSILE WITH RESPECT TO WIND 
------- IS FLIGHT РАТН 


Y DIRECTION 


FIG, 12 -- REFERENCE AXES FOR AZIMUTH GUIDANCE INVESTIGATION 
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L = MISSILE LENGTH IN FEET 


< 
"1 


VELOCITY ALONG THE FLIGHT PATH IN ЕТ/5ЕС 


ас,/4ұс NORMAL DAMPING FORCE COEFFICIENT PER UNIT 
YAWING VELOCITY 


аСы/ау = DAMPING MOMENT COEFFICIENT PER UNIT YAWING 
VELOCITY 
4:2 DYNAMIC PRESSURE iN кв/ғт2 
S, Z MAXIMUM CROSS=SECTIONAL AREA ОҒ THE ВОрҮ 
B 


ұр- ANGLE BETWEEN REFERENCE @YRO AND X AXIS 


Yw 2 VELOCITY OF THE WIND WITH RESPECT TO THE 
GROUND IN FT/SEC 


кз = Сро 43в 
$ = ЧЕТ DEFLECTION 


«ТНЕ SERVO EQUATION (5) HAS ВЕЕМ SIMPLIFIED TO EXCLUDE 
THE š AND / (У-у) TERMS AS A FIRST APPROXIMATION, 


IDEALLY, Y AND Y SHOULD BE ZERO АТ FUEL SHUTOFF, ІТ IS 
MORE IMPORTANT THAT Y BE KEPT SMALLER THAN Y; HOWEVER, SINCE 
DURING THE FREE FALL STAGE OF THE TRAJECTORY A SMALL SIDE- 
WISE VELOCITY COULD PRODUCE A LARGE DISPLACEMENT, THEREFORE, 
IT HAS ВЕЕМ OUR OBJECTIVE ТО HOLD Y ТО A MINIMUM, 


SOLVING EQUATIONS (1) THRU (5) SIMULTANEOUSLY, WE ARRIVE 
AT AN EQUATION FOR Y, WHICH IS: 
Y = c et № t 


СЕ 
+ Сое + с5е зім (t - Ф) + С) WHERE 


А.А, X. Д, АМО Сд ARE KNOWN 


А SoLUTION FOR C|, Со, С», АМО Ó MAY ВЕ OBTAINED BY 
DIFFERENTIATING THIS EXPRESSION THREE TIMES AND SUBSTITUTING 
INITIAL CONDITIONS OBTAINED FROM EQUATIONS (1) THROUGH (5). 
ТНЕМ BY PUTTING Z О THE MAXIMUM VALUE OF Y MAY BE DETER- 
MINED AND QUANTITATIVELY ADJUDGED, 
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THREE CASES HAVE ВЕЕМ CHOSEN FOR ANALYSIS., ІМ ЕАСН, IT 

IS ASSUMED THAT THE MISSILE IS FLYING WITH Y Z Y = у = у = 0 
(AT t = 0). THE MISSILE SUDDENLY STRIKES A CROSS WIND ОҒ 100 

š FT/SEC AND ITS ACTION IS STUDIED FROM THAT POINT ОМ. САЗЕ | 
IS AT M Z 3.0 WHERE THERE ARE STILL SEVERAL SECONDS LEFT FOR 
CORRECTION BEFORE SHUTOFF., САЅЕ 11 15 IMMEDIATELY BEFORE 

1 внутоғғ (M = 4.41). HERE IT IS FURTHER ASSUMED THAT JUST 
ENOUGH FUEL REMAINS TO ALLOW Y TO REACH ITS FIRST MAXIMUM, 
САЗЕ 111 IS IMMEDIATELY AFTER SHUTOFF (M = Д.41). THis LAT- 
TER CASE WAS CHOSEN TO AID IN THE SELECTION OF A GAUGE BY 
WHICH WE MIGHT MEASURE THE SUCCESS OF CONTROL, THE PROCESS 
NOW BEING CLEAR, IT IS NECESSARY ONLY TO CHOOSE SucCcCESSIVE 
VALUES ОҒ Кг AND КОС (Кә АМО Ка BEING DETERMINED PRIMARILY BY 
STABILIZATIÓN с» мт) UNTIL OUR REQUIREMENTS ARE MET, 
ON THIS BASIS, CALCULATIONS ARE IN PROGRESS, 


С» ҒІТІОНТ РАТН СОМТЕО ОҒ ТЕ5Т УЕНІСІЕ 
16 CoNTROLLED FLIGHT PATH 


THE TEST FLIGHT PROCEDURE TO BE FOLLOWED BY THE 
FIRST TEST VEHICLE TO ВЕ FIRED AS OUTLINED IN REFERENCE 11, 
PAGE 61, HAS ВЕЕМ MODIFIED, AFTER 55 SECONDS OF UNDISTURBED 
VERTICAL FLIGHT, THE PITCH JETS ARE FULLY DEFLECTED (5 рЕс- 
REES) AND HELD UNTIL FUEL SHUTOFF, THE SAME STEP-BY-STEP 
INTEGRATION METHOD USED BEFORE IS BEING APPLIED, МО RESULTS 
ARE AVAILABLE AT THIS TIME AS THE CALCULATIONS HAVE JUST 
ВЕСОМ. 


ах EFFECT OF CoNTROLS 


|N LINE WITH THE ANALYSIS ON MAXIMUM CROSS-WIND 
VELOCITY THAT WILL PERMIT A VERTICAL FLIGHT PATH AS REPORTED 
IN REFERENCE 11, PAGE 61, A SIMILAR ANALYSIS WAS CONDUCTED 
TO DETERMINE ABILITY OF THE MISSILE TO RECOVER TO THE VERTI- 
CAL AFTER A CROSS WIND DISTURBANCE, ASSUMING "МЕАТНЕВ МАМЕ" 
STABILITY AND VERTICAL FLIGHT AT THE INSTANT THE CROSS WIND 
IS MET, IT WAS FOUND THAT THE MISSILE САМ RECOVER TO THE VER- 
TICAL FROM ЕЕЕЁСТЗ OF А 50 FT/SEC CROSS WIND AT ALL MACH 
NUMBERS EXCEPT PERHAPS TRANSONIC, Мнем 0.8 < М < 1.5, МО РВЕ- 
DICTIONS CAN BE MADE, 





Ж BEING INDEPENDENT OF SERVO AND GUIDANCE CONSTANTS, CaAsSE 111 
WAS CALCULATED BUT ONCE, 
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BASIS FOR THIS STATEMENT LIES IN COMPARISON OF THE 
ANGLES Ө AND Š 


wHERE ө- AQ -о 
£ = там”! (5 Fv/ $ Fx) 
Ao = там”! (»/У) 


O. = MAXIMUM ATTAINABLE ANGLE OF ATTACK 
$ Ғү = SUM ОҒ THE FORCES ІМ THE Y (NORMAL) DIRECTION 


5Ғх Z SUM OF THE FORCES IN THE X (ғкіснт PATH) DIRECTION 


< 
" 


VELOCITY ОҒ THE CROSS WIND 


V VELOCITY OF THE MISSILE 
WHEN 6 < Ë wISSILE WILL NOT RECOVER 
Ө 


! Z Ë MISSILE WILL CONTINUE IN STRAIGHT LINE AT 
CONSTANT ANGLE Ө 


Ө > Ë wIiSSILE WILL RECOVER 


0'< O FULL JET DEFLECTION IS NOT REQUIRED FOR RECOVERY 


D. ROLL STABILIZATION ANALYSIS 


A TRANSFER FUNCTION ANALYSIS OF THE ROLL STABILIZATION 
SYSTEM WAS BEGUN TAKING INTO CONSIDERATION TIME LAGS OR PHASE 
SHIFT AS WELL AS CHANGES IN САІМ IN THE VARIOUS COMPONENTS 
AS DETERMINED BY LABORATORY TESTS AND ANALYTICAL STUDIES ON 
THE INDIVIDUAL COMPONENTS., CALCULATION OF OPTIMUM VALUES OF 
THE OVERALL SERVO CONSTANTS WAS THEN MADE THROUGHOUT ІНЕ БЕ- 
GION ОҒ POWERED FLIGHT, ОРТІМОМ VALUES АТ ТАКЕОҒҒ WERE СНОЗЕМ 
FOR THE FIRST TRIAL АМО THE SYSTEM RESPONSE COMPUTED AT OTHER 
POINTS ALONG A VERTICAL FLIGHT РАТН, THESE PROVED TO МАКЕ THE 
SYSTEM UNSTABLE IN THE TRANSONIC REGION; НЕМСЕ, NEW CONSTANTS 
WERE CHOSEN WHICH WERE MORE NEARLY OPTIMUM IN THAT REGION, 

THE SYSTEM THEN PROVED TO BE STABLE DURING THE ENTIRE POWERED 
FLIGHT ALTHOUGH TENDING TOWARD INSTABILITY NEAR FUEL SHUTOFF, 
FURTHER REFINEMENT IN RESPONSE WILL BE MADE BY SUCCEEDING 
SELECTIONS OF THESE OVERALL SERVO СОМЅТАМТ5, 


24 











SAN DIEGO DIVISION SECRET _=— 


MISSILE 
AERODYNAMICS 





ҒІб. 15 -- BLOCK DIAGRAM ОҒ ROLL STABILIZATION SYSTEM 


THE PRESENT STABILIZATION SYSTEM IS PRESENTED IN THE 
BLOCK DIAGRAM IN FIGURE 15, WHERE K, бд, Ко бс, ЕТС, REPRE- 
SENT THE TRANSFER FUNCTIONS (1.Е., OUTPUT/[INPUT) OF THE IN- 
DIVIDUAL COMPONENTS., (REFERENCE А). А STUDY OF THE OVERALL 
TRANSFER FUNCTION KG (RATIO OF THE ERROR SIGNAL Фе TO THE 
ACTUAL ROLL ATTITUDE %0) ALLOWS DETERMINATION ОҒ PERFORMANCE 
AND STABILITY OF THE SYSTEM, THE OVERALL TRANSFER FUNCTION 
KG, USING LAPLACE TRANSFORMATION МОТАТІОМ, 15: 


ке-1%,/1% = (кс во) (кА 64) (Кв бк) |+ 
(K, 6А) (Ке 6р) (Кр Ge) | 
ExPANDING, THIS ВЕСОМЕЗ: 
L$ /L de = кв = ko | 2 2 +T, + 1) «құлда» 
2T, 4+ 1) +(K, /(R“z 2 + 2Т„ вш - Ш 


WHERE 
ss 5/о 
= Q 
в 2/0, 
T = КАТІО OF ACTUAL DAMPING ТО CRITICAL DAMPING OF THE 


S  HYDRAULIC SYSTEM 


TË — RATIO OF ACTUAL DAMPING TO CRITICAL DAMPING OF 
THE RATE GYRO 
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025 = NATURAL FREQUENCY OF HYDRAULIC SYSTEM 
олы Z NATURAL FREQUENCY OF RATE GYRO 

ко (К%/1) (к,/о,2) 12 

Құс Те 1/1 кы 

K, = к/т (к,/в) 1; 
І MOMENT OF INERTIA IN ROLL 
(5 Z ROLLING MOMENT DUE TO JET АМО TRIM TAB DEFLECTION 
L, Z 291/ӘР Z ROLLING MOMENT DUE TO FOLLING VELOCITY 

Z LAPLACE УАВІАВІЕ, 4 /dt 


Ku, R, Ко, AND Кр ARE THE CONSTANTS OF THE STABILIZATION 
SERVO SYSTEM WHICH DETERMINE THE OVERALL ROLL PERFORMANCE, 
THEY ARE NOT AFFECTED BY THE ERROR SIGNAL NOR BY ANY SYSTEM 
DISTURBANCES, 


THE FACTORS WHICH CHANGE THESE FOUR PARAMETERS IN FLIGHT 
ARE SUMMARIZED BELOW,. 


(1) VARIATION IN AERODYNAMIC DAMPING WITH MACH NUMBER 
AND ALTITUDE = ƏL/ƏP 


(2) VARIATION OF JET MOTOR THRUST WITH ALTITUDE 


(3) VARIATION OF ROLLING MOMENT DUE TO TABS 215/95, 
(Д) VARIATION IN NATURAL FREQUENCY OF THE HYDRAULIC SYS- 
TEM DUE TO CHANGES ІМ TAB HINGE MOMENT WITH MACH 

NUMBER AND ALTITUDE 


(5) VARIATION IN LOAD ON THE HYDRAULIC SYSTEM DUE TO 
CHANGE IN TAB HINGE MOMENT 


THESE VARIATIONS HAVE BEEN COMBINED WITH A SET OF THE 
FIXED PARAMETERS OF THE SYSTEM TO GIVE THE ACTUAL VARIATION 
оғ Кы, R, K > AND Кр DURING VERTICAL FLIGHT, THE FIXED PARA- 
METERS (Кә, Kg, Кү, Амбоо, (SEE FlGURE 15) МЕНЕ CHOSEN ТО 
GIVE OPTIMUM PERFORMANCE АТ TAKEOFF (CASE |). THE ACTUAL 
VARIATION ОҒ Ку, R, Ко, AND Кр DURING VERTICAL FLIGHT FOR 
САЅЕ | IS SHOWN IN FIGURE 14. NYQUIST DIAGRAMS PLOTTED FROM 
KG FOR VARIOUS TIMES OF FLIGHT SHOWED THAT THE CONSTANTS OF 
САЅЕ | CAUSED THE SYSTEM TO ВЕ UNSTABLE AT t = 24.5 AND t = 30. 
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FIG, 14 -- SERVO PARAMETERS IN FLIGHT (CASE i) 
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Е1б. 15 -- SERVO PARAMETERS IN FLIGHT (CASE 11) 
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А SECOND SET ОЕ FIXED PARAMETERS WAS THEN CHOSEN (САЗЕ 
11) AND THE VARIATION ОҒ Кы» R, Ко, AND K, CALCULATED FOR 
VARIOUS TIMES DURING VERTICAL FLIGHT AS SHOWN IN FIGURE 15. 
NYQUIST DIAGRAMS PLOTTED FOR CASE 11 FROM KG FOR VARIOUS 
TIMES OF FLIGHT SHOWED NO INSTABILITY, BUT THE RESPONSE OF 
THE SYSTEM WAS FAR FROM OPTIMUM NEAR THE END OF POWERED 
: FLIGHT, FURTHER INVESTIGATIONS SHOULD LEAD TO EVEN MORE DE- 
| SIRABLE SYSTEM CONSTANTS, 








Е. ІМУЕЗТІСАТІОМ ОҒ LONG-RANGE ТКАЈЕСТОКІЕЅ 


ШОВК ON THIS PROGRAM IS МОМ APPROXIMATELY 50 РЕВСЕМТ СОМ- 
| PLETE WITH WORK DURING THE JULY-AUGUST PERIOD HAVING BEEN CEN- 
TERED ON COMPUTATION OF PERMISSIBLE ERRORS IN MAGNITUDE, А21- 
MUTH ANGLE, AND ELEVATION ANGLE OF THE MISSILE VELOCITY VECTOR 
AND ON ERRORS IN POSITION (FORWARD, SIDEWARD, AND UPWARD) FOR 
4000, 4500, 5000, 5500, AND 6000 MILE ELLIPTICAL ARCS STRIK- 
ING THE EARTH AT ANGLES ОҒ 10, |5, 20, 25, AND 50 pEGREES., 


> TIME AND Ровітіом ERRORS 


COMPUTATION OF THE ERRORS IN TIME AND POSITION ON 
А NON=ROTATING EARTH DUE TO ERRORS ГМ ELEVATION ANGLE, AZIMUTH 
| ANGLE, АМО THE МАСМІ ТООЕ ОҒ VELOCITY HAVE ВЕЕМ COMPLETED, A 
METHOD IS INDICATED WHEREBY THE ABOVE ERROR INFORMATION CAN 
ВЕ USED ТО COMPUTE ERRORS ІМ POSITION WHEN FIRING IN ANY DIREC=- 
ТІОМ BETWEEN АМҮ TWO GIVEN POINTS ON А ROTATING EARTH, 


2 RANGE ANGLE CALCULATIONS 


A NEW EXPRESSION FOR RANGE ANGLE IN TERMS OF GEO- 
CENTRIC DISTANCE, ELEVATION ANGLE, VELOCITY АТ FUEL 5НУТ-ОҒҒ 
POINT, AND А GRAVITATIONAL CONSTANT AT THE EARTH!S SURFACE 
WAS DEVELOPED, AND COMPUTATION HAS ВЕЕМ COMPLETED FOR GRAPH= 
ING THESE RESULTS, FUEL SHUT=OFF POINT WILL RANGE FROM ДО 
то 200 MILES ELEVATION (SHUT—-OFF ELEVATION ANGLES АТ 10 то 30 
DEGREES) WITH RANGES ОҒ 4000 то 6000 MILES, EXPRESSIONS FOR 
PERMISSIBLE ERRORS IN ELEVATION ANGLE AND VELOCITY AT 5НУТ- 
OFF ELEVATIONS АВЕ STILL BEING DEVELOPED, 


5% ERRoR-AT-THE-TARGET ІМУЕЗТІСАТІОМ 


WORK HAS BEEN DONE RELATIVE TO PERMISSIBLE ERRORS 
IN STRIKING ANGLE, VELOCITY, AND AZIMUTH ANGLE, CoMPUTATION 
ОҒ PERMISSIBLE ERRORS FOR A ONE MILE MISS AT THE TARGET ON А 
МОМ- ВОТАТІ Ме EARTH HAS BEEN COMPLETED AND FINAL GRAPHS OF THE 
RESULTS ARE UNDER PREPARATION, EFFECTS OF COMBINED ERRORS IN 
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VELOCITY AND STRIKING ANGLE ON THE MAGNITUDE OF THE MISS AT 
THE TARGET ARE ALSO BEING І МУЕЗТІСАТЕО, А GRAPH HAS BEEN PRE-— 
PARED SHOWING THE STRIKING VELOCITY AT THE ЕАВТН!5 SURFACE 

FOR VARIOUS RANGES AND STRIKING ANGLES, A METHOD IS BEING 
DEVELOPED FOR UTILIZATION OF THESE GRAPHS WITH RESPECT TO 
VELOCITY AND ELEVATION ANGLE CHANGES AT FUEL SHUT=OFF FOR 
PERMISSIBLE ERROR AT THE TARGET, 


4. Мехт Рен100 Мовк 

ORGANIZING THE COMPLETED РЕВТІМЕМТ DATA OUT ОҒ THE 
MASS OF MATERIAL ALREADY DEVELOPED IN THE WIDELY DIVERSIFIED 
FIELD OF MATHEMATICAL AND COMPUTATIONAL RESEARCH INTO REPORT 
FORM REMAINS TO BE DONE, ЇТ HAS ВЕЕМ FOUND THE FORMULAE OF 
THE KEPLERIAN ELLIPSE CANNOT BE RELIED UPON FULLY IN THIS 
NEAR-EARTH REGION AND THE EXACT FORM FOR CORRECTION EXPRES- 
SIONS HAS NOT AS YET BEEN DEDUCED, ALTHOUGH SOME PROGRESS HAS 
BEEN MADE, НОМЕУЕН, MATHEMATICAL EXPRESSIONS HAVE BEEN 0ОЕ- 
VELOPED FROM МНІСН ALL ОҒ THE REMAINING PROBLEMS MAY ВЕ сом- 
РУТЕО, АМО ІТ IS EXPECTED ТНАТ СОМРІЕТІОМ ОҒ THE СОМРУТАТ!0М5 
АМО GRAPHS ОМ THIS PROGRAM WILL ВЕ ACCOMPLISHED DURING THE 
ENSUING BI-—MONTHLY WORK PERIODe 
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SECTION V 
PROPULSION AND FUEL 


CAPACITY REQUIREMENTS OF THE TANK PRESSURIZING SYSTEM 
WERE REANALYZED TO DETERMINE WHETHER THE PRESSURE SUPPLY 
WOULD BE ADEQUATE TO PREVENT OXYGEN CAVITATION, TAKING INTO 
ACCOUNT THE EFFECT OF CERTAIN FACTORS WHICH ARE IMPOSSIBLE 
TO PREDICT, SUCH AS INCREASE OF OXYGEN TEMPERATURE AND RATE 
OF EVAPORATION, IT WAS INDICATED THAT CAVITATION MIGHT OCCUR 
IN THE LAST STAGES OF FLIGHT, To MAKE A MORE SAFE ALLOWANCE 
FOR THESE UNKNOWNS, THE NITROGEN TANK VOLUME WAS INCREASED 
RESULTING IN A TANK WEIGHT INCREASE OF 5 POUNDS, 
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FIG, 16 -- STABILIZATION SYSTEM AMPLIFIER АМО GYRO PANEL 
FOR MISSILE NO. | 
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SECTION М! 
STABILIZATION AND CONTROLS 


A, EQUIPMENT INSTALLATION LAYOUT 


A FIVE HOUR OPERATIONAL TEST RUN OF THE AMPLIFIER AND 
GYRO PANEL ASSEMBLY ON THE SIMULATOR WAS MADE IN ASSOCIATION 
WITH THE BALANCE OF THE STABILIZATION EQUIPMENT, ОРЕВАТІОМ 
WAS FOUND TO BE VERY SATISFACTORY, THIS ASSEMBLY FIRST WILL 
BE USED WITHIN THE STATIC TEST MISSILE AND THEREAFTER MOUNTED 
WITHIN THE LARGER NOSE SECTION OF ТЕ5Т MIisSsiILE Мо. |, Арр1- 
TION OF QUICKLY DETACHABLE MOUNTINGS ON THE PANEL ASSEMBLY 
FOR THE TELEMETERING GYROS WILL PERMIT READY REMOVAL ОҒ THE 
GYROS FOR ADJUSTMENT AND CALIBRATION PRIOR TO FLIGHT, THE 
PANEL ASSEMBLY FOR TEsT MissiILE No, | IS SHOWN IN ITS COMPLETED 
FORM IN Ғісивкев 16 AND 17. 


B. EQUIPMENT DEVELOPMENT 
pa AMPLIFIERS 


THREE SETS OF STABILIZATION AMPLIFIERS WERE TESTED 
TO DETERMINE WHETHER HEATING WOULD BE EXCESSIVE, AND TO CHECK 
FLASH-OVER VOLTAGES AT HIGH ALTITUDES, THE AMPLIFIERS ОРЕВ- 
ATED UNDER А BELL ЈАВ FOR |5 MINUTES AT 10-мм ABSOLUTE PRES- 
SURE, AFTER APPROXIMATELY 20 MINUTES ОҒ OPERATION, ONE OF 
THE CAPACITORS FAILED DUE TO EXCESSIVE HEATING, FLASH-OVER 
FROM PIN TO PIN IN THE PLUG CONNECTOR OCCURRED AT TT5 voLrs 
DC АТ 10-мм ABSOLUTE PRESSURE, FLASH-=OVER FROM PIN TO SHELL 
OCCURRED AT 750 уоһтв DC, SINCE THE MAXIMUM VOLTAGE USED IN 
ACTUAL OPERATION OF THE AMPLIFIER IS LESS THAN 570 voLTsS, THE 
TEST PERFORMANCE IS CONSIDERED SATISFACTORY, THE AMPLIFIER 
CONTAINER SEALS HELD, SO SATISFACTORY PRESSURIZATION HAS BEEN 
OBTAINED, 


2. бүко DEVELOPMENT 


THE 6-16 ScHWIEN GYROS HAVE BEEN MODIFIED TO СІУЕ 
AN INCREASED RATE SIGNAL ОУТРУТ. А ONE-DEGREE PER SECOND 
КАТЕ NOW GIVES A SIGNAL EQUIVALENT TO О„Д DEGREES ОҒ FREE 
GYRO DISPLACEMENT, WITH THIS ADJUSTMENT, THE ROLL SYSTEM 
STABILIZES WITH APPROXIMATELY 0.6 oF CRITICAL DAMPING, PITCH 
AND YAW ARE ADJUSTED TO APPROXIMATELY 0.8 cRITICAL DAMPING, 
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Е1б. 17 -- STABILIZATION АМО TELEMETERING GYRO PANEL 
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EXTENSIVE TESTS HAVE BEEN RUN ON THE SIMULATOR TO 
DETERMINE PROPER ADJUSTMENT OF THE RATE GYRO РІСК-ОЕҒ RATIO, 
As A RESULT, THE RATE SPRINGS HAVE BEEN MADE HEAVIER AND АМ- 
PLIFICATION HAS ВЕЕМ PUT INTO THE РІСК-ОҒҒ LINKAGE ТО PRO0- 
VIDE A STRONGER RATE SIGNAL AND STILL RETAIN THE HIGH NATURAL 
FREQUENCY OF THE GYRO, CALIBRATION АМО RE-WORK OF THE GYROS 
HAVE BEEN STARTED FOR THE FIRST TWO MWISSILES 50 AS TO INCORPO- 
RATE THIS RATE SIGNAL AMPLIFICATION AND HIGHER SPRING GRADIENT, 


LAYOUTS ARE BEING MADE FOR MODIFICATIONS OF THE 
PIONEER TYPE РВ-10 AUTOPILOT GYROS WHICH ARE TO BE USED ON 
THE NUMBER 3 TEST MiISSILE, СОММАМО CONTROL DRIVE ELEMENTS 
IN PITCH AND YAW AND INTEGRAL CONTROL DRIVE IN ROLL ARE BEING 
INCORPORATED IN THE FREE GYROS, |М ADDITION, SERVO-CYLINDER 
RESPONSE LINKAGE 15 BEING ADDED TO THE PICK-OFF AUTOSYN ОЕ 
THE RATE GYRO, 


FABRICATION OF THE COMPONENT PARTS HAVING ВЕЕМ АС- 
COMPLISHED, THE WORK ОҒ ASSEMBLING АМО BALANCING THE ЕХРЕНІ- 
MENTAL FREE=-PLATE GYRO 15 CONTINUING, FINAL ASSEMBLY AND 
TESTING OF THE UNIT IS EXPECTED TO BE ACCOMPLISHED DURING THE 
NEXT REPORT PERIOD, 


2. SOoOLENOID CONTROL VALVES 


WORK ON THIS PHASE OF THE PROGRAM INCLUDED ADDI- 
TIONAL TESTS ON THE SIMULATOR WHICH WERE RUN AFTER CUTTING 
DOWN ON THE OVERLAP IN THE PROPORTIONAL CONTROL VALVES., THESE 
VALVES ARE SPECIALLY DESIGNED, HAVING CHROMIUM PLATED ALUMINUM 
ALLOY SLIDES MOUNTED DIRECTLY IN AN ALUMINUM ALLOY BLOCK, 
THEIR PORTS BEING FORMED AS ANNULAR GROOVES IN THE BLOCK WITH- 
OUT UTILIZING AN INTERMEDIATE SLEEVE, DOVERLAP IN THESE VALVES 
WAS REDUCED ТО APPROXIMATELY 0.001 INCH IN THE 3/A-INCH DIA- 
METER ROLL CONTROL VALVE AND APPROXIMATELY 0.0015 INCH IN THE 
9/16-1мсн DIAMETER PITCH AND YAW VALVES, AN INCREASE OF AP- 
PROXIMATELY 20 PERCENT IN THE RATE OF FLOW THROUGH THE VALVES 
WAS ACCOMPLISHED, WHICH IS EQUIVALENT TO AN INCREASED GAIN IN 
THE SERVO SYSTEM, |М ADDITION TO THESE IMPROVEMENTS, THE 
"ОЕАО ЅРОТ" AT ZERO WHICH CAUSED "НОМТІ МЕ" WAS ELIMINATED, 


To DATE, МО TROUBLE HAS BEEN ENCOUNTERED FROM СОВ- 


ROSION OR VALVE STICKING DURING THE TWO MONTHS WITH THE VALVE 
IN SERVICE CONTINUOUSLY AND THE SYSTEM FILLED WITH ALCOHOL, 
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4. INTEGRAL CoRRECTION AND RESPONSE UNIT 


ІНРЕЕ ADDITIONAL INTEGRAL CORRECTION AND RESPONSE 
UNITS HAVE BEEN COMPLETED AND TESTED DURING THE SUBJECT WORK 
PERIOD, THREE OTHER UNITS ARE UNDER CONSTRUCTION, 


5» SIMULATOR 


ІНЕ SIMULATOR EQUIPMENT HAS BEEN DESIGNED AND СОМ- 
STRUCTED SO AS TO PROVIDE A MEANS OF TESTING THE STABILIZA- 
TION CONTROL SYSTEM THROUGH THE SIMULATION OF MISSILE FLIGHT 
CONDITIONS, COoNSTRUCTION OF THE EQUIPMENT AND ITS INSTALLA- 
ТІОМ WAS COMPLETED DURING THE PRECEDING WORK PERIOD AND 9Т1- 
(12Е0 DURING РВЕЗЕМТ PERIOD FOR ТЕ5Т5 ОҒ THE COMPLETE STA- 
BILIZATION SYSTEM, APPROXIMATELY TwENTY HOURS OF OPERATIONAL 
TESTS HAVE THUS FAR BEEN GIVEN TO THE COMPLETE STABILIZATION 
SYSTEM IN TESTS ON THE SIMULATOR, AND NECESSARY ADJUSTMENTS 
HAVE BEEN MADE IN SYSTEM CONSTANTS SO AS TO PROVIDE THE MOST 
SATISFACTORY ОРЕВАТІ ОМ. CuRvES FROM BRUSH RECORDER DATA ARE 
SHOWN IN Ғісиве 18 AND INDICATE TYPICAL RESPONSE CHARACTER= 
І8ТІС5 OF THE SIMULATOR TO SUDDEN DISTURBANCES ІМ ROLL AND 
PITCH. “THE CONTROL SYSTEM NOW STABILIZES THE SIMULATOR TO 
A PLUS OR MINUS 0.25 DEGREES ІМ ROLL AND A PLUS OR MINUS 0.50 
DEGREES IN PITCH AND YAW, THESE ERRORS ARE IN THE FORM оғ 
LOW-FREQUENCY (APPROXIMATELY | cYCLE PER SECOND) ExcCURSIONS 
ABOUT ZERO AND ARE МОТ A STEADY ERROR СОМОІТІОМ, 


6. СоммАМО CoNTROL SYSTEM 


WoRK HAS BEEN STARTED ON THE COMMAND CONTROL AMPLI- 
FIER AND MOTOR CONTROL UNIT FOR USE IN THE YAW SYSTEM OF TEST 
MissiLE No, 2, THE MOTOR AND AUTOSYN INPUT UNIT HAS BEEN IN- 
CORPORATED IN THE SERVO RESPONSE HOUSING IN LIEU OF THE ІМ- 
TEGRAL CONTROL AND RESPONSE ELEMENTS WHICH МЕРЕ EMPLOYED FOR 
ТЕст MissiLE Мо. | ЕФУІРМЕМТ. ТЕ8Т5 ARE BEING CONDUCTED TO 
DETERMINE THE OVER-ALL ACCURACY OF THE SYSTEM, 


C. TEST EQUIPMENT 


THIS PROGRAM WAS INAUGURATED SO AS TO PROVIDE SUITABLE 
TEST EQUIPMENT TO FACILITATE TROUBLE SHOOTING AND FIELD TEST- 
ING OF STABILIZATION SYSTEM СОМРОМЕМТ5, ОР ТНЕЗЕ, ОМЕ ОМІТ, 
DESIGNATED AS THE STABILIZATION SYSTEM TEST PANEL, НАЗ BEEN 
COMPLETED AND TESTED DURING THE SUBJECT WORK PERIOD AND 15 
READY FOR USE BOTH ІМ STATIC ҒІКІМС TESTS AND ІМ PRE-FLIGHT 
TESTS, THE COMPLETED PANEL ASSEMBLY, FiGuRE 19, HAS PRO- 
VISIONS FOR CONNECTING RECORDERS TO THE OUTPUT SIGNALS оғ 
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FIG, 18 -- TYPICAL RESPONSE CHARACTERISTICS OF THE SIMULATOR 
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THE STABILIZATION SYSTEM, SINE МАМЕ GENERATORS IN THE AS= 
SEMBLY PROVIDE A MEANS OF INTRODUCING A SINE WAVE ERROR SIGNAL 
WHILE THE STABILIZATION SYSTEM IS BEING OPERATED IN THE STATIC 
TEST 5ТАМр. TEST RUNS MADE WITH THE TEST PANEL CONNECTED IN- 
TO THE SIMULATOR WILL BE RECORDED FOR COMPARISON WITH STATIC 
TEST RUNS ON THE MIiSSILE, 


CURTAILMENT OF THE TEST MISSILE PROGRAM RESULTED IN 
ABANDONMENT OF FURTHER EFFORTS AT CONSTRUCTING AN ADDITIONAL 
SET OF AMPLIFIER FIELD TEST PANELS AS MENTIONED IN REFERENCE 
12, Ім LIEU OF THIS EQUIPMENT, THE AMPLIFIER TEST PANEL, 
DESIGNED FOR TESTING INTEGRAL CORRECTION OR GUIDANCE AMPLI- 
FIERS, HAS BEEN ADAPTED РОВ FIELD USE. 
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SEGTION VII 
GUIDANCE AND INTELLIGENCE 


А. MAGNETIC NAVIGATION STUDIES АМО EXPERIMENTS 


CONSIDERABLE PROGRESS WAS MADE ІМ MAGNETIC NAVIGATION 
DURING JULY AND AUGUST, THE MOST NOTABLE ACHIEVEMENT BEING A 
COMPLETE FLIGHT BY AN AIRPLANE CONTROLLED IN YAW SOLELY BY 
MEANS OF AUTOMATIC MAGNETIC GUIDANCE ЕОУОІРМЕМТ FOLLOWING А 
LINE ОҒ CONSTANT TOTAL TERRESTRIAL MAGNETIC FIELD INTENSITY, 


THE GUIDED FLIGHT WAS MADE ON 29 игү 1947 wITH А С-Д6Ғ 
TYPE AIRCRAFT AND ORIGINATED AT A POINT APPROXIMATELY TEN 
MILES OFF—SHORE AT SANTA MONICA, CALIFORNIA, THE FLIGHT TER- 
MINATED AT A POINT A FEW MILES EAST OF SAN DIEGO, CALIFORNIA, 
Ав SHOWN IN FIGURE 20, THE COURSE DISTANCE WAS APPROXIMATELY 
160 wMILES., GREATEST DEVIATION FROM THE DESIRED COURSE WAS 
CAUSED BY AN ANOMALY OCCURRING NEAR МІр-РОІМТ OF THE FLIGHT, 
|N SPITE OF THIS THE AUTOMATIC MAGNETIC GUIDANCE EQUIPMENT 
RETURNED THE AIRCRAFT TO THE MAGNETIC LINE, EFFECTIVELY BY- 

А PASSING THE DISTURBANCE, THE FLIGHT WAS CONDUCTED АТ АМ 
ELEVATION ОҒ 12,000 FEET TO REDUCE EFFECTS PRODUCED BY LOCAL 
ANOMALIES THAT MIGHT BE ENCOUNTERED, THE MAGNETIC GUIDANCE 
EQUIPMENT FED A SIGNAL TO A ВАТЕ-АМО-ЕВАОВ COMPUTER WHICH IN 
TURN ENERGIZED А БАТСНЕТ-ТҮРЕ SOLENOID ATTACHED TO THE RUDDER 
CONTROL OF A ТҮРЕ А-А AUTO-PILOT AS SHOWN IN FilGURE 21, 

WITH THIS METHOD, WHENEVER THE AIRCRAFT DEVIATED FROM THE 
SELECTED MAGNETIC LINE, THE АУТО-РІ(ОТ RECEIVED А LEFT OR 
RIGHT RUDDER CORRECTION, WHICHEVER WAS REQUIRED, THUS RETURN- 
ING THE AIRCRAFT TO THE MAGNETIC LINE, ІТ IS EXPECTED THAT 
OTHER FLIGHTS WILL BE MADE OVER LONGER COURSES INCLUDING 
THOSE WHEREIN A SPECIFIC TARGET IS SELECTED AS THE TERMINAL 
ОВУЕСТІУЕ. WITH БЕЗРЕСТ ТО ТНЕ АТТЕН, ІТ 18 ОҒ ІМТЕБЕ5Т ТО 
NOTE ТНАТ DATA OBTAINED DURING THIS FIRST АУТОМАТІС МАСМЕТ- 
ICALLY GUIDED FLIGHT INDICATED A RISE IN THE TOTAL MAGNETIC 
FIELD INTENSITY EQUAL TO APPROXIMATELY ТО GAMMAS UPON REACH- 
ІМС THE ОУТЗКІКТ5 ОҒ ТИЕ CITY ОҒ SAN Dito, 51ІМСЕ PHTS 
PHENOMENOM IS TYPICAL OF CITIES IN THE NORTHERN HEMISPHERE, 

\ CONSIDERATION 15 BEING GIVEN TO ITS UTILIZATION IN TARGET 
SELECTION, 
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FIG, 21 -- КАТСНЕТ SOLENOID АТТАСНМЕМТ TO АУТОР 1 ОТ 
FOR RUDDER CONTROL 


RECEIVED DURING THE CURRENT REPORT PERIOD, THE AN/ASQ-3 
MAGNETIC DETECTION EQUIPMENT WAS SET UP IN THE LABORATORY AND 
BENCH—-TESTED, WHILE THESE TESTS WERE INCONCLUSIVE, ІТ IS ЕХ- 
PECTED THAT FURTHER TESTS TO BE CONDUCTED DURING THE ENSUING 
WORK PERIOD WILL DETERMINE USEFULNESS OF THE EQUIPMENT FOR 
THE INTENDED APPLICATION, IT WAS LEARNED THAT SIMILAR EQUIP- 
MENT EMPLOYED BY CERTAIN GEOPHYSICAL FIRMS FOR THE PURPOSE 
ОҒ OBTAINING ABSOLUTE MEASUREMENTS INCORPORATED A LATE MODI- 
FICATION ON WHICH ADDITIONAL INFORMATION HAS NOW ВЕЕМ REQUESTED, 
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A NUMBER OF FIELD TESTS ALSO WERE MADE DURING THE SUB- 
ЧЕСТ WORK PERIOD, THESE wERE CONDUCTED AT A MAGNETICALLY 
QUIET LOCATION NEAR SAN Үзірко, CALIFORNIA, THE-IR PURPOSE ВЕ- 
ING THE DETERMINATION OF MAGNITUDE AND DIRECTION OF THE OVER- 
ALL MAGNETIC GUIDANCE EQUIPMENT DRIFT, SUFFICIENTLY REPETI- 
TIVE RESULTS WERE OBTAINED TO PERMIT ESTABLISHMENT OF A FIXED 
VALUE FOR SYSTEM DRIFT, 


A SEARCH FOR A HIGHLY STABILIZED 0-с SOURCE ALSO wAS 
SUCCESSFULLY CONCLUDED.DURING THE SUBJECT WORK PERIOD, IT 
WAS FOUND THROUGH LABORATORY EXPERIMENTS THAT THE CLOSE TOL- 
ERANCE REQUIREMENTS FOR AIRBORNE APPLICATIONS OF THE АУТО- 
MATIC MAGNETIC GUIDANCE EQUIPMENT WERE BEST SATISFIED BY THE 
USE OF A DRY BATTERY, Ғов THE PROPOSED APPLICATION, THE RATE 
OF DECREASE IN VOLTAGE AS COMPARED WITH TIME WAS FIRST DETER- 
MINED WITH RESPECT TO THE AVERAGE CURRENT LOAD, А мотов- 
DRIVEN HELIPOT THEN WAS USED TO REMOVE CIRCUIT RESISTANCE IN 
ACCORDANCE WITH THE VOLTAGE DECAY OF THE BATTERY, PROVISION 
ALSO BEING MADE IN THE HELIPOT!S OPERATION TO ALLOW FOR 
THERMAL DRIFT OF THE ELECTRONIC AMPLIFIERS, 


В. ` PRECISION MISSILE TRACKING SYSTEM 


ORIGINALLY INAUGURATED AS A RESEARCH AND ANALYTICAL PR0- 
GRAM, THE PRECISION MISSILE TRACKING SYSTEM HAS PROGRESSED TO 
THE EXPERIMENTAL STAGE WITH VARIOUS COMPONENT UNITS REQUIRED 
FOR THE SYSTEM NOW BEING GROUPED UNDER THIS SINGLE HEADING 
AS IDENTIFIED BY THE RELATED SUB=HEADING. SoME OF THESE 
UNITS WERE LAUNCHED AS SEPARATE RESEARCH AND/OR EXPERIMENTAL 
PROJECTS UNDER THE OVER-ALL CONTRACTUAL AUTHORITY BUT HAVE 
NOW BEEN INCLUDED IN THIS SPECIFIC PROGRAM DUE TO THEIR MEET- 
ING THE REQUIREMENTS FOR THIS PROPOSED SYSTEM, ALL WORK OF 
ANALYTICAL OR RESEARCH NATURE PREVIOUSLY UNDERTAKEN ON THIS 
PROGRAM HAS BEEN SUSPENDED PENDING COMPLETION OF TESTS PLANNED 
FOR THE POSITION TRACKER SYSTEM AND OTHER СОМРОМЕМТ SECTIONS 
WHICH FORM A PART OF THE OVER-ALL PRECISION MISSILE TRACKING 
SYSTEM, 


1:5 VHF TEST Море PHASE CoMPARISON SYSTEM 
— — SPS ОЧЕЙ -НАЗЕ LOMPARISON SYSTEM 


THE WORK PROGRAM PREVIOUSLY UNDERTAKEN FOR THE PUR- 
POSE OF MAKING A VHF TEST OF THE HYPERGRID SYSTEM (suBsoNIC 
GUIDANCE) RESULTED IN ACCUMULATION OF VARIGUS COMPONENTS AND 
EQUIPMENT UNITS, А5 A RESULT, CERTAIN UNITS OF TEST EQUIPMENT 
HAVE BEEN MADE AVAILABLE TO THE VHF POSITION TRACKER PROGRAM, 
ANOTHER METHOD EMPLOYING PHASE COMPARISON TO DETERMINE POSI- 
TION, WORK MAY ВЕ RESUMED ON THE SUBJECT PROGRAM AT A LATER 


DATE, 
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2 УНЕ Ровітіом TRACKER 


THE POSITION TRACKER SYSTEM FURNISHES THE COMPUTER 
CONTINUOUS INFORMATION AS TO THE М1І551ІШЕ!"5 POSIT[ON IN SPACE, 
THIS INFORMATION IS OBTAINED BY RECEIVING, AT THREE OR MORE 
POINTS ON THE GROUND, SIGNALS TRANSMITTED FROM THE MISSILE 
AND MEASURING THE PHASE DIFFERENCE OF THE RECEIVED SISGNALS. 
AZIMUTH POSITIONING REQUIRES TWO OR MORE POINTS OF RECEPTION 
PREFERABLY LOCATED ON A LINE PERPENDICULAR TO THE FLIGHT РАТН 
PLANE AND AT KNOWN GEOGRAPHIC POSITIONS, WHEREAS, ELEVATION 
POSITIONING REQUIRES TWO OR MORE POINTS OF RECEPTION LOCATED 
IN OR PARALLEL TO THE PLANE OF THE MISSILE'S FLIGHT AND AT 
RIGHT ANGLES TO THOSE POINTS OF THE AZIMUTH SYSTEM, HOWEVER, 
ONE RECEPTION POINT MAY BE COMMON TO BOTH POSITIONING SYSTEMS, 
THE INFORMATION SO OBTAINED IS THEN UTILIZED ІМ A COMPUTER, ТО- 
GETHER WITH RANGE AND VELOCITY INFORMATION, TO DETERMINE DEVIA- 
TION OF THE MISSILE FROM A PREASSIGNED COURSE, FIGURE 22 
SHOWS A BLOCK DIAGRAM OF THE МНЕ SYSTEM UNDER DISCUSSION, Вотн 
ELEVATION АМО А21МУТН ТБАСКІМС FUNCTIONS ARE DIAGRAMMEDe 


|Т IS PLANNED THAT TEST MissiLE Мо. 1 WILL BE FIRED 
WITHOUT UTILIZING POSITION TRACKING CONTROL; MissiLE No. 2 
WILL BE TRACKED IN AZIMUTH ONLY, А BLOCK DIAGRAM OF THE 
POSITION TRACKER SYSTEM AS MODIFIED TO TRACK AZIMUTH ONLY 15 
SHOWN IN Ғісике 25. MissiLtE Мо. 5 15 EXPECTED ТО ВЕ TRACKED 
IN BOTH AZIMUTH AND ELEVATION, To TRACK THE MISSILES, THE 
FOLLOWING EQUIPMENT HAS BEEN CONSTRUCTED:; 


А. PREssuRIZED МНЕ TRANSMITTERS, ЕХСЕРТ FOR THEIR 
CASES, HAVE BEEN COMPLETED FOR TEST MissiLEs No. 2 
AND 5%. THESE OPERATE AT A FREQUENCY OF 150 мс, ЕМ- 
PLOY INTEGRAL ОҮМАМОТОВ POWER SUPPLIES, АМО HAVE 
BEEN GIVEN EXTENSIVE VIBRATION TESTS AND HEAT RUNS 
WITH SATISFACTORY RESULTS, 


B. THREE RECEIVERS HAVE BEEN CONSTRUCTED AND 
TESTED, THUS PROVIDING THREE GROUND STATION RECEP- 
TION CHANNELS, А FOURTH RECEIVER IS UNDER СОМ- 
STRUCTION AND SHOULD BE COMPLETED AND TESTED DURING 
THE NEXT WORK PERIOD, THE DIFFERENTIAL PHASE SHIFT 
BETWEEN ANY TWO CHANNELS MAY BE HELD TO LESS THAN 

3 DEGREES FOR A 60 DB CHANGE IN SIGNAL AMPLITUDE 
AND LESS THAN | DEGREE FOR A Д00 КС CHANGE ІМ FRE- 
QUENCY, CONTROL ACCURACIES OF THIS ORDER INDICATE 
THAT THE TOTAL PHASE ERROR IN THE EQUIPMENT SHOULD 
BE LESS THAN 2 DEGREES OVER THE EXPECTED OPERATING 
RANGE, APPROXIMATELY 200 MILES AS PRESENTLY PLANNED. 
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с> THREE РАВАЅІТІС- ТҮРЕ YAGI ARRAYS, FORMERLY 
USED WITH THE HYPERGRID SYSTEM, HAVE BEEN ALTERED 
TO PERMIT THEIR USE AS ANTENNAS WITH THE POSITION 
TRACKER SYSTEM RECEIVERS. THESE ARRAYS PROVIDE А 
ВЕАМ-МІОТН ОҒ APPROXIMATELY (0 DEGREES WITH BACK 
LOBES OF LESS THAN 2 PERCENT AND A POWER GAIN OF 
APPROXIMATELY 10 рв. 


о. THE РНАЅЕ COMPARER USED WITH THE AZIMUTH TRACK- 
ER EQUIPMENT HAS BEEN COMPLETED DURING THE SUBJECT 
WORK PERIOD AND HAS BEEN GIVEN OPERATIONAL TESTS, 
AZIMUTH TRACKER COMPONENTS ARE SHOWN IN Ғісике 24. 
THE PHASE COMPARER TO ВЕ USED WITH ELEVATI!ON TRACK- 
ER EQUIPMENT IS UNDER CONSTRUCTION AND IS ГО BE СОМ- 
PLETED DURING THE ENSUING WORK PERIOD, ` DESIGN ОЕ 
THE INDICATORS, HOWEVER, HAS BEEN POSPONED PENDING 

A BETTER REALIZATION OF COMPUTER REQUIREMENTS, 





FIG, 24 -- AZIMUTH TRACKER COMPONENTS 
OF POSITION TRACKER SYSTEM 
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THE PHASE COMPARER EQUIPMENT 15 COMPRISED OF УАВІ- 
OUS COMPONENTS WHICH MAY BE DESIGNATED AS FOLLOWS; (A) PHASE 
SHIFTER, (B) PHASE DISCRIMINATOR, (C) SERVO AMPLIFIER, AND 
(D) SERVO MOTOR, ARRANGEMENT OF THESE UNITS IS SHOWN IN THE 
LOWER PORTION OF THE AZIMUTH TRACKER SYSTEM BLOCK DIAGRAM, 
Еісиве 23, THE PHASE COMPARER IS REQUIRED TO CONVERT OUTPUT 
DATA FROM THE POSITION TRACKER EQUIPMENT TO A FORM SUITABLE 
FOR USE IN THE COMPUTER, DATA FROM THE TRACKING SYSTEM FOR 
MEASUREMENT OF ONE SPECIFIC ANGLE ARE DETERMINED BY THE PHASE 
DIFFERENCE EXISTING BETWEEN TWO 10 KC SIGNALS, THIS DIFFER- 
ENCE IN PHASE BEGINS AT A GIVEN REFERENCE LEVEL AND MAY ROTATE 
THROUGH SEVERAL CYCLES AS THE TEST VEHICLE IS TRACKED, |Т 15 
PLANNED TO CONVERT THIS DATA INTO MECHANICAL SHAFT ROTATION 
FOR USE IN THE COMPUTER AS REQUIRED FOR AZIMUTHAL GUIDANCE OF 
МХ-774 TEsT Уеніске Мо. 2. 


THE РНАЅЕ ОІҒҒЕБВЕМСЕ BETWEEN ТМО |0-КС CHANNELS 15 
MEASURED BY AUTOMATICALLY SHIFTING THE PHASE OF ONE CHANNEL 
SO THE RESULTANT PHASE DIFFERENCE IS ZERO, THE POSITION OF 
THE PHASE SHIFTER THEN BECOMES A FUNCTION OF THE ORIGINAL 
PHASE DIFFERENCE, 


AUTOMATIC PHASE SHIFTING IS ACCOMPLISHED AS FOL- 
LOWS, THE OUTPUT FROM THE PHASE SHIFTER AND ANOTHER 10-кс 
SIGNAL PROVIDED BY THE TRACKING SYSTEM ARE COMPARED IN THE 
PHASE DISCRIMINATOR, THE OUTPUT OF WHICH IS AMPLIFIED AND 
COUPLED INTO A SERVO AMPLIFIER, THE OUTPUT OF THE SERVO АМ- 
PLIFIER THEN OPERATES A SERVO MOTOR WHICH DRIVES THE OUTPUT 
SHAFT AND THE PHASE SHIFTER, THE SIGNAL OUTPUT FROM THE 
PHASE DISCRIMINATOR FUNCTIONS AS AN ERROR SIGNAL AND CAUSES 
THE OUTPUT SHAFT AND PHASE-SHIFTING TRANSFORMER TO ROTATE 
UNTIL THE ERROR SIGNAL APPROACHES ZERO, IN OTHER WORDS, RO- 
TATION OF THE OUTPUT SHAFT IS MADE PROPORTIONAL TO THE PHASE 
DIFFERENCE OF THE TWO INPUT SIGNALS, THIS EQUIPMENT HAS BEEN 
SET UP IN FUNCTIONAL МОСК-УР FORM THE ARRANGEMENT ОҒ WHICH IS 
SHOWN IN FIGURE 25 WITH MECHANICAL DETAILS ILLUSTRATED IN 
Ғісиве 26, 


3. DoPPLER SPEEDOMETER ExXPERIMENTS AND DESIGN 


WoRK ON THIS PROGRAM INCLUDED COMPLETION OF OVER- 
ALL OPERATIONAL TESTS OF THE DoPPLER SPEEDOMETER SYSTEM, 
ІМ ADDITION, A NUMBER OF GROUND CHECKS МЕНЕ MADE OF THE SYS- 
TEM, AND THREE FLIGHT TESTS WERE CONDUCTED BETWEEN A HIGH 
ELEVATION GROUND STATION AND THE REPEATER STATION INSTALLED 
WITHIN А С-Дб ТҮРЕ AIRCRAFT, DOPERATION OF THE SYSTEM PROVED 
SATISFACTORY, А CONTINUOUS INDICATION OF THE AIRCRAFT'S SPEED 
BEING PROVIDED THE GROUND STATION WHILE THE AIRCRAFT WAS FLY- 
ING АТ AN ALTITUDE OF 7000 FEET AND АТ А RANGE OF 100 MILES, 
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Т-7013 
FIG, 26 -- DETAIL OF AZIMUTH РНАЅЕ COMPARER 
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PRIOR TO THESE TESTS, A SERIES OF BENCH TESTS MADE OF - THE 
REPEATER STATION POINTED UP THE NECESSITY FOR ELIMINATING 
INTERFERENCE EMANATING FROM ADJACENT TELEMETERING ЕФУІРМЕМТ» 
THIS WAS ACCOMPLISHED BY MODIFYING THE VARIOUS COMPONENTS OF 
THE REPEATER STATION: 1.Е., CHANGING THE LOCAL OSCILLATOR 
ASSEMBLY TO A QUADRUPLER TYPE, PROVIDING THE LIMITER CIRCUIT 
WITH A MORE POSITIVE ACTION TO REDUCE POSSIBILITY OF ACTUATION 
OF THE FUEL SHUT—OFF RELAY BY АМ INTERFERING SIGNAL, AND CHANG- 
ING THE 5НУуУТ-ОҒҒ RELAY TO A STEPPING—-TYPE TO PROVIDE A SEQUENCE 
OF FOUR CONTROL OPERATIONS, 


ІМ ADDITION, CONSTRUCTION WAS STARTED OF ANOTHER 

REPEATER STATION UTILIZING A DESIGN WHICH INCORPORATES ALL 
IMPROVEMENTS FOUND NECESSARY IN THE PRECEDING MODEL, А 580 
UNDER CONSTRUCTION IS А ТЕҒ-ТҮРЕ OF FREQUENCY-DOUBLING RE- 
PEATER STATION WHICH 15 TO REPLACE THE SUPERHETERODYNE-=-TYPE 
UNIT WHEN USING THE RANGE MEASURING EQUIPMENT IN CONJUNCTION 
WITH THE DoPPLER EQUIPMENT, THIS TYPE OF REPEATER STATION 
IS MORE DESIRABLE FOR RANGE MEASUREMENT BECAUSE IT DISPLAYS 
A HIGHER PHASE FIDELITY, 


AFTER 100 HOURS OF SATISFACTORY OPERATION, THE 

GROUND STATION EQUIPMENT WAS CHECKED AND SERVICED AND FOUND 
TO BE ІМ EXCELLENT CONDITION, FOR TEST PURPOSES, А T2-MEGA- 
CYCLE TEST OSCILLATOR HAS BEEN MADE TO PROVIDE SUFFICIENT 
OUTPUT TO OPERATE THE REPEATER STATIONS AT DISTANCES UP TO 
|00 FEET, FIELD TESTS WERE FACILITATED BY CONSTRUCTION OF 
TWO PORTABLE FIELD-STRENGTH METERS AND TWO PORTABLE BATTERY- 
POWERED CRYSTAL-CONTROLLED SIGNAL GENERATORS, To INSURE СОМ- 
PLETE ACCURACY OF TESTS MADE WITH THIS EQUIPMENT, COMPLETE 
INSTRUCTIONS COVERING THE TEST PROCEDURE HAVE BEEN WRITTEN, 


42 DoPPLER RANGE MEASUREMENT SYSTEM 


WoRK ON THIS PROGRAM WAS INITIATED DURING THE MONTH 
OF JULY WITH THE OBJECTIVE OF DEVELOPING A PRECISION SYSTEM 
FOR DETERMINING RANGE OF A MISSILE WITH RESPECT TO A GROUND 
STATION, As THE RESULT OF INITIAL EFFORTS EXPENDED ON THIS 
PROGRAM, A RANGE MEASURING SYSTEM HAS BEEN DESIGNED WHICH 
UTILIZES THE DOPPLER SPEEDOMETER GROUND STATION TRANSMITTER 
AND ITS ASSOCIATED AIRBORNE REPEATER STATION FOR THE TRANS- 
MISSION OF INTELLIGENCE SIGNALS, THE LATTER SIGNALS ARE USED 
TO FREQUENCY MODULATE THE DoPPLER GROUND STATION, THE RESULT- 
ING MODULATED SIGNALS ARE TRANSMITTED TO THE AIRBORNE REPEATER 
STATION WHEREIN THE CARRIER FREQUENCY IS RECEIVED, AMPLIFIED, 
DOUBLED, АМО ТНЕМ RE=TRANSMITTED TO THE GROUND STATION, À 
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FREQUENCY MODULATION=TYPE RECEIVER IS EMPLOYED AT THE GROUND 
STATION TO RECEIVE AND DEMODULATE THE RETURNED SIGNAL RECEIVED 
FROM THE AIRBORNE REPEATER STATION, BY COMPARING ELECTRON- 
ICALLY THE PHASE OF THE RETURNED INTELLIGENCE SIGNALS WITH 
THAT OF THE ORIGINAL MODULATED SIGNALS, A PHASE DIFFERENTIAL 
WILL BE ESTABLISHED WHICH WILL BE EXACTLY PROPORTIONAL TO THE 
DISTANCE THAT THE SIGNALS HAVE TRAVERSED, THE OUTPUT OF THIS 
RANGE MEASURING SYSTEM IS REQUIRED TO BE SUITABLE FOR DIRECT 
APPLICATION TO A COMPUTER, 


FUNDAMENTALLY, THE RANGE MEASURING EQUIPMENT СОМ- 
SISTS OF FIVE BASIC UNITS, А5 FoLLoOws: 


(A) INTELLIGENCE SIGNAL GENERATOR AND FILTER UNIT 
(B) FREQUENCY MODULATION RECEIVER 

(c) PHASE COMPARISON UNIT 

(D) SERVO AMPLIFIER AND CONTROL UNIT 

(E) SERVO AND PHASE ROTATING TRANSFORMER UNIT 


THE LAST THREE OF THESE UNITS HAVE BEEN CONSTRUCTED 
AND TESTED; CONSTRUCTION IS UNDERWAY ON THE OTHERS, 


IN ADDITION TO THESE FIVE BASIC UNITS, AN OSCILLO- 
SCOPE IS TO BE ADDED TO THE EQUIPMENT RACK SO AS TO PROVIDE 
TEST MONITORING OF SYSTEM OPERATION, A SIMULATOR ALSO WILL 
BE NECESSARY TO FACILITATE CALIBRATION OF THE SYSTEM, THESE 
UNITS ARE UNDER CONSTRUCTION IN THE LABORATORY, 


5. COMMAND CONTROL SYSTEM 


WORK ON THIS PROGRAM WAS INITIATED DURING AUGUST TO 
PROVIDE SUITABLE COMMAND CONTROL EQUIPMENT FOR GUIDANCE OF 
ТЕ5Т MISSILES, THE PHASE-SHIFT ТҮРЕ OF COMMAND CONTROL SYS- 
ТЕМ WAS CHOSEN AS THE MEANS OF CONVEYING GUIDANCE INTELLI- 
GENCE SINCE А ТНБВЕЕ-СНАММЕШ GROUND STATION UTILIZING THIS 
METHOD OF CONTROL IS ALREADY COMPLETE AND AVAILABLE TO THE 
PROJECT, THE FIRST TEST MISSILE TO EMPLOY THIS FORM OF GUID- 
ANCE WILL REQUIRE CONTROL ONLY IN AZIMUTH, AND CONSEQUENTLY, 
THE FIRST COMMAND CONTROL SYSTEM DESIGNED FOR INSTALLATION 
WITHIN THE MISSILE WILL BE OF THE SINGLE=CHANNEL TYPE (Ғіс- 
URE 23). THE COMMAND CONTROL SYSTEM DESIGNED FOR INSTALLA- 
TION ІМ TEsT MissiLE No, 2 WILL BE OF THE TWO—-CHANNEL TYPE 
AND WILL INCORPORATE ELEVATION CONTROL, 
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THE SINGLE—-CHANNEL AIRBORNE SYSTEM HAS BEEN DESIGNED 
AND CONSTRUCTED ІМ МОСК-УР FORM 50 AS TO PROVIDE THE NECESSARY 
TEST INFORMATION REQUIRED TO DESIGN THE FINAL MODEL, THE ЗЕС- 
ОМО AIRBORNE SYSTEM WILL INCLUDE А RECEIVER, А ТИО-СНАММЕІ 
FILTER, TWO РНАЗЕ-ПІЗСКІМІМАТОК АМО SERVO-AMPLIFIERS, AND TWO 
SERVO—ü=CONTROLLED FOLLOW=UPS, Ом COMPLETION ОҒ TESTS CONDUCTED · 
WITH THESE МОСК-УР SYSTEMS, DESIGN OF THE FINAL MODELS WILL 
BE COMPLETED, 
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SECTION VIII 
TELEMETERING 


A. TELEMETERING FOR THE TEST VEHICLE 


THE RECORDING OSCILLOGRAPH RECENTLY RECEIVED FROM THE 
ARMY FOR USE ON МХ-774 TELEMETERING GROUND STATION NUMBER | 
WAS FOUND TO HAVE NO PROVISION FOR INDICATING MOVEMENT ОҒ 
THE PHOTO PAPER, SINCE A CERTAIN KNACK OF LOADING THE PAPER 
IS REQUIRED TO PREVENT JAMMING, IT WAS DEEMED ADVISABLE TO 
INSTALL ON THE FRONT PANEL A SMALL LAMP WHICH BLINKS AS LONG 
AS THE PAPER IS MOVING, DURING TESTS OF THE OSCILLOGRAPH, А 
60-cyvcLE RIPPLE WAS PREVALENT ON ALL GALVANOMETER TRACES, AN 
OUTPUT FILTER PLACED IN THE DISCRIMINATOR CIRCUITS REDUCED 
THIS RIPPLE TO A POINT WHERE IT IS NEGLIGIBLE, WITHOUT ІМ- 
PAIRING RESPONSE IN THE REGION WHERE TELEMETERING SIGNALS ARE 
ANTICIPATED, 


ExCESSIVE HARMONIC DISTORTION WAS ENCOUNTERED IN THE 
R—F UNITS FOR TEST MissiLE No, 1. CAUSE OF THE TROUBLE WAS 
TRACED TO о TUBES IN THE DOUBLER STAGES; THESE WERE RE- 
PLACED WITH DAQ5's, DOUBLER CIRCUIT CONSTANTS WERE RE-ADJUSTED 
FOR THE NEW TUBES AND THE HARMONIC DISTORTION THUS ELIMINATED, 


A FLIGHT TEST OF THE AIRBORNE TELEMETERING EQUIPMENT FOR 
ТЕ5Т MissiLtE Мо. 1 AND THE GROUND STATION WAS CONDUCTED WITH 
SATISFACTORY RESULTS, THE AIRBORNE EQUIPMENT WAS FLOWN IN AN 
ARMY С-46 TRANSPORT WITH THE GROUND STATION SET UP ON MOUNT 
SoLEDAD (820 FEET ABOVE SEA LEVEL), А SWITCH WAS USED TO 
SIMULATE THE PICKUPS, THE UNIT !S RANGE WAS MUCH GREATER THAN 
ANTICIPATED, ТМО COURSES МЕНЕ FLOWN DURING THE TEST, ONE 
BEING INLAND OVER MOUNTAINOUS TERRAIN AND THE OTHER OVER WATER, 
FADING WAS ENCOUNTERED AT DISTANCES OVER |50 MILES ON THE 
FIRST COURSE, BUT THE SIGNAL WAS HEARD AND RECORDED SucczEss- 
FULLY AT DISTANCES UP TO 250 MILES, THE OVER-WATER COURSE WAS 
FLOWN FOR APPROXIMATELY |25 MILES WITH EXCELLENT RESULTS, 


GROUND STATION NUMBER 2 WAS FOUND TO HAVE CONSIDERABLE 
INHERENT NOISE WHICH WAS TRACED TO LEAKAGE IN THE PAPER TAPE 
ON THE DISCRIMINATOR COILS, THE COILS WERE THEN REWOUND AND 
IMPREGNATED WITH THE RESULT THAT INHERENT NOISE IS NEGLIGABLE, 
THE TWO В-Ғ UNITS BUILT FOR TELEMETERING USE IN THE TEST MIS- 
SILE No, 2 HAVE BEEN COMPLETED AND ARE UNDERGOING OPERATIONAL 
TESTS AT РАЕЗЕМТ. PLAN PICTURES OF ONE OF THESE UNITS ARE 
SHOWN ім Ғісукев 27 AND 28. 
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ғіс. 28 -- ММОЕКЗІПЕ V EW ОР TELEMETERING R-F UNIT 
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DATA TO BE RECORDED VIA AIRBORNE AND GROUND STATION 
TELEMETERING EQUIPMENT ARE LISTED IN REFERENCE 11, 


А NEW DESIGN IS BEING WORKED OUT FOR TELEMETERING OF 
FUTURE MX-774 MiSSILES, THE TELEMETERING EQUIPMENT WILL ВЕ 
COMPACTLY ARRANGED SO THAT IT MAY BE HOUSED IN A CYLINDRICAL, 
PRESSURIZED CAN HAVING A SIX-INCH RADIUS AND A TWENTY-INCH 
LENGTH, THIS NEW ARRANGEMENT PROV!DES GREATER EFFICIENCY AND 
BETTER MECHANICAL ACCESSIBILITY, THE FIRST R—F SECTION СОМ- 
STRUCTED UNDER THIS NEW DESIGN FUNCTIONS EXTREMELY WELL, ЮЕ 
TO THE HIGHER EFFICIENCIES OBTAINABLE WITH THE NEW DESIGN, 
THE GAQ5 DOUBLER STAGE АЗ USED ON Тевт MissiLE No. | EQUIP- 
MENT PROVIDES АМ EXCESSIVE AMOUNT OF DRIVE FOR THE 929-В 
FINAL STAGE, ТҮРЕ бАКб TUBES WILL BE EMPLOYED AS DOUBLERS ТО 
ALLEVIATE THIS CONDITION, 


B. MOVABLE GRID TUBE FOR VACUUM TUBE GYRO 


WORK ON THIS PROGRAM WAS SUSPENDED IN MID-JULY DUE TO 
TRANSFER OF PERSONNEL TO OTHER LABORATORY WORK OF HIGHER 
PRIORITY. HowEvER, SEVERAL TESTS WERE COMPLETED WHICH INDI- 
CATED А NON-UNIFORMITY OF OUTPUT ІМ VARIOUS DEGREES ОҒ GRID 
DEFLECTION, THIS BECAME NOTICEABLE BECAUSE OF IMPROVEMENTS 
IN OTHER TECHNIQUES TO THE POINT WHERE THE TUBES HAVE BECOME 
MORE STABLE IN OPERATION, |N WAS FOUND THAT МОМ-ӘМІҒРОБВМІТҮ 
OF ОУТРУТ HAS ВЕЕМ CAUSED BY IRREGULARITY ОҒ THE GRID STRUC-— 
TURE, AN IMPROVED GRID WELDING AND STRETCHING MANDREL HAS 
BEEN DESIGNED AND AN ORDER PLACED FOR ITS CONSTRUCTION, Іт 
IS BELIEVED ТНАТ THIS NEWLY ОЕ5ІСМЕр MANDREL WILL FACILITATE 
CONSTRUCTION OF A MORE UNIFORM GRID, 


To DETERMINE UNIFORMITY OF OUTPUT IN RELATION TO ANGULAR 
POSITION, CURVES WERE PLOTTED OF THE TESTS MADE WITH FOUR 
TUBES, THE CURVES WERE- FURTHER CHECKED BY PLOTTING А SINE 
МАМЕ OVER THE RECORDED ТОВЕ OUÚTPUT, A NUMBER OF IRREGULAR- 
ITIES WERE NOTED, BY COMPARING CATHODE EMISSION AND GRID 
SHAPES А8 TO THEIR ЕЕЕЕСТС ОМ IRREGULARITIES, THE GRIDS WERE 
ЮЕТЕНМ МЕР ТО BE THE CAUSE, 


ЇМ ADDITION, TESTS WERE MADE OF CATHODE AGING, THIS 
WAS А CONTINUATION OF THE EFFORTS REPORTED IN THE MAY-JUNE 
BI-MoNTHLY REPORT TO ESTABLISH FINITE LIMITS OF CATHODE CUR- 
RENT AND OTHER ELEMENTS INVOLVED IN THE EXHAUST AND AGING 
PROCESSES., THIS WORK RESULTED IN IMPROVED AND REASONABLY 
STABLE FILAMENT EMISSION AND HAS PROVIDED A MORE UNIFORM 
VALUE FOR ALL TUBES CONSTRUCTED, 
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ALSO, WORK HAS BEEN CONTINUED IN EFFORTS TO DETERMINE 
THE AMOUNT OF ELECTRICAL OUTPUT AVAILABLE FROM THIS TYPE OF 
TUBE, INITIALLY, AN ALTERNATING—CURRENT CIRCUIT WAS EMPLOYED, 
BUT RESULTS WERE UNSATISFACTORY DUE TO EXCESSIVE PICKUP OF 
STRAY NOISE, А VTVM CIRCUIT NEXT WAS TRIED AND, WITH А SIN- 
GLE STAGE OF AMPLIFICATION, THE OUTPUT WAS OF THE ORDER OF 
15 MICRO-AMPERES PER G ACCELERATION, ЇТ IS PLANNED TO PER- 
FORM FURTHER WORK IN THIS DIRECTION WITH ADDITIONAL AMPLIFIER 
STAGES, CONSIDERATION IS BEING СІУЕМ TO А PLAN FOR EMPLOYING 
A ТИ0-8ТАСЕ VTVM FOR TESTING THE TUBES WITHOUT EXTERNAL LOAD- 
ING SO AS TO CHECK THE ACTUAL DIAPHRAGM DISTORTION. 


C. DYNAMIC BALANCE INDICATOR FOR VACUUM TUBE GYRO 


THIS PROJECT WAS CONCLUDED DURING THE JULY=-AUGUST PERIOD 
WITH INSTALLATION AND ADJUSTMENT OF THE AMPLITUDE OR OUTPUT 
INDICATOR, INSTALLATION OF A SUITABLE FREQUENCY METER, AND 
FINAL TESTING AND CALIBRATION OF THE INSTRUMENT ITSELF, 


ІТ WAS NOTED THAT THE HIGH SENSITIVITY OF THE FREQUENCY 
METER ALLOWS A READING WHEN THE RELAYS ON THE INPUT CIRCUIT 
ARE OPEN, SINCE THIS SPURIOUS INDICATION DOES NOT DETRACT 
FROM NORMAL OPERATION OF THE UNIT, NO ATTEMPT WAS MADE TO 
CORRECT THE СОМрІТІОМ. 


D. ANTENNA DESIGN AND CONSTRUCTION 


THE TEST VEHICLE FLIPPER ANTENNA DESIGN МАЗ COMPLETED, 
THESE ANTENNAS ARE OF THE FLUSH—-TYPE FOR INSTALLATION IN THE 
FOUR FINS OF THE VEHICLE, ОМЕ OF THE ANTENNAS IS MOUNTED IN 
А VERTICAL FIN FOR RECEIVING THE DOoPPLER SPEED INDICATOR 516- 
NALS AT 72 MEGACYCLES WITH A SECOND ANTENNA BEING MOUNTED IN 
THE OTHER VERTICAL ҒІМ FOR TRANSMITTING DoPPLER SPEED INDI- 
САТОВ SIGNALS AT 144 MEGACYCLES., THE TWO REMAINING ANTENNAS 
ARE MOUNTED IN THE HORIZONTAL FINS AND ARE PARALLELED FOR 
TRANSMITTING TELEMETERING SIGNALS AT 77 AND 87 MEGACYCLES 
SIMULTANEOUSLY, PRODUCTION OF THE PROTOTYPE MODEL OF THESE 
ANTENNAS HAS BEEN STARTED, 


A REPORT ENTITLED "ҮНҒ AIRBORNE ANTENNAS FOR ARMY TEST 
VEHIcCLE" (DEVF A055) WAS ISSUED CULMINATING A STUDY OF THE 
DEVELOPMENT OF THESE FLUSH-TYPE ANTENNAS, EACH OF THE АМТЕМ- 
NAS CONSISTS ОҒ A 21Сс-2А6 METAL STRIP INSERTED IN THE MICARTA 
FLIPPER ON THE OUTER EXTREMITY OF THE FOUR FINS, А CAPACITY- 
TUNED AUTOTRANSFORMER—-TYPE MATCHING NETWORK IS USED TO MATCH 
THE ANTENNA TO A 52-OHM COAXIAL LINE, MATCHING NETWORKS FOR 
THE THREE LOWER FREQUENCIES ARE IDENTICAL AND ARE TRIMMED FOR 
THE SPECIFIC FREQUENCY BY THE VARIABLE CONDENSER, THE ТУО 
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RADIATION PATTERN, AN ISOLATION NETWORK 15 PROVIDED TO ELIM- 
INATE INTERACTION BETWEEN THE TwO TELEMETERING TRANSMITTERS 
WH I CH ОЅЕ THE SAME ANTENNA SYSTEM, THE IMPEDANCE MATCH FROM 
ANTENNAS TO FEED CABLE- 15 ІМ А CASES NEARLY РЕНЕЕСТ» THE 
RADIATION PATTERNS ОО МОТ HAVE THE DESIRED MAXIMUM LOBE TO 
THE REAR BUT ARE SUITABLE FOR GOOD OPERATION, RADIATION ЕҒ- 
ҒІСІЕМСҮ COMPARES WELL WITH ТНАТ ОҒ А БКЕЗОМАМТ DIPOLE, Ам- 
OTHER ADVANTAGE OF THE DESIGN 15 THAT THE ANTENNAS REQUIRE NO 
ADDITIONAL SPACE ОМ THE OUTSIDE ОҒ THE VEHICLE AND PRODUCE NO 


А REPORT TITLED "TELEMETERING RECEIVING ANTENNA ARRAY 
FOR ARMY TEsT VEHIcCLE" (СУАС 2М-6002-003) CONTAINS А DESIGN 
DESCRIPTION OF A UNI-DIRECTIONAL. TURNSTILE ANTENNA ARRAY 
DEVELOPED FOR RECEIVING TELEMETERING SIGNALS FROM THE TEsrT 
VEHICLE, SINCE THE SIGNAL FROM THE MISSILE 15 LINEARLY POLAR- 
IZED, IT WAS NECESSARY ТО INCORPORATE CIRCULAR POLARIZATION 
INTO THE ANTENNA BECAUSE ОЕ ROLL OR OTHER CHANGES OF ATTITUDE 
ОҒ THE МЕЗЕ ім Еілент. ТИНЕ DESIRED MODERATELY SHARP ВЕАМ 
WAS PRODUCED BY USING TwO TURNSTILE RADIATORS BACKED BY PARA- 
SITIC REFLECTORS AND FED IN-PHASE, A SATISFACTORY IMPEDANCE 
MATCH WAS ATTAINED OVER A FREQUENCY BANDWIDTH @REATER THAN 
ТНАТ НЕФУІНЕр. ТнЕ-БЕЕр SYSTEM 15 MADE UP FROM SECTIONS ОҒ 
02- AND 72-онм COAXIAL CABLE MOLDED TOGETHER AT THE INTER- 


PE CAMERA LOCATOR BEACON 


CONSTRUCTION OF THE CAMERA LOCATOR BEACON FOR THE MX-774 
TEST VEHICLE IS NEARLY COMPLETE, THE FINAL MODEL CONSISTS OF 
THE TRANSMITTER UNIT ASSEMBLED IN A BAKELITE BLOCK, | INCH х 
2 INCHES x 2 |/2 INCHES IN SIZE PLUS THE NECESSARY BATTERIES 
TO FURNISH PLATE AND FILAMENT POWER, PLATE POWER 15 SUPPLIED 
BY TWO 45-VOLT "НЕАВІМС ДІП" BATTERIES (BuRGESs ХХ50Е), wHILE 
FILAMENT POWER IS FURNISHED BY А SMALL O-VOLT DEWAR STORAGE 
ВАТТЕКҮ. C FrNALE FTTTING оғ THESE UNITS INTO THE NOSE SECTION 
OF THE MISSILE IS NOW BEING DONE BY THE DRAFTSMEN, ACTUAL 
WEIGHT OF THE COMPLETE BEACON 15 3 1/4 PouNbs, SERVICE LIFE 
OF THE BEACON WILL EXCEED TEN HOURS, FIELD TESTS OF THE USE- 
FUL RANGE OF THE BEACON ARE AWAITING DELIVERY OF SUITABLE RE— 
CEIVING EQUIPMENT FROM THE АМС. 
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FIG, 29 -- IMPACT SWITCH FOR LOCATOR BEACON TRANSMITTER 


AN "ІМРАСТ" SwWITCH, AS SHOWN IN FIGURE 29, HAS BEEN DE- 
VELOPED FOR INCLUSION IN THE TRANSMITTER UNIT TO MAKE THE 
BEACON OPERATIVE EVEN THOUGH THE NORMAL SWITCHING CIRCUIT 
FAILS TO START IT DURING FLIGHT, THIS IMPACT SWITCH CONSISTS 
ОЕ А STEEL BALL HELD IN A METAL RECESS BY А LOADING SPRING. 
Вотн RECESS AND BALL ARE SURROUNDED BY BUT INSULATED FROM АМ 
ELECTRICALLY CONDUCTIVE TUBE OR RING, А SUFFICIENT SHOCK WILL 
FORCE THE BALL OUT OF THE CUP AND WEDGE IT BETWEEN THE EDGE 
OF THE CUP AND THE SURROUNDING RING, THIS IMPACT SWITCH WILL 
BE CONNECTED IN PARALLEL WITH THE NORMAL SWITCH, 


SELECTION OF THE ANTENNA SYSTEM FOR THE CAMERA LOCATOR 
BEACON HAS BEEN REDUCED TO A CHOICE BETWEEN A FLUSH MOUNTING 
"51 ОТ" ТУРЕ АМТЕММА AND A SYSTEM CONSISTING OF THREE БЕТКАС- 
TABLE QUARTER=WAVE ANTENNAS SPACED SYMMETRICALLY AROUND THE 
NOSE SECTION OF THE MISSILE., MopELS OF EACH OF THE SYSTEMS 
HAVE BEEN CONSTRUCTED AND ARE CURRENTLY UNDERGOING TESTS TO 
DETERMINE THEIR RELATIVE MERITS FOR THIS APPLICATION 


Р. TRACKING RADAR RELAY ВЕАСОМ 


THE GENERAL OBJECTIVE OF THIS PROJECT IS TO DESIGN AND 
CONSTRUCT А СОМРАСТ "5" BAND AIRBORNE RADAR BEACON HAVING 
SUFFICIENT SENSITIVITY AND POWER TO ADEQUATELY PERFORM A 
TRACKING-ASSIST FUNCTION IN THE IN THE МХ-774 wissiLE. 
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A ВЕАСОМ WHICH CONSISTS ОҒ А RECEIVER, SHOWN IN FIGURE 
50 AND A TRANSMITTER, FIGURE 51, BOTH HOUSED IN А PRESSURIZED 
CONTAINER AS SHOWN IN FIGURE .52, HAS BEEN CONSTRUCTED AND HAS 
SATISFACTORILY MET ALL TESTS NECESSARY TO SHOW ITS EFFECTIVE-—- 
NESS AND RELIABILITY, THE OVERALL SPACE REQUIREMENTS OF THIS 
UNIT ARE 8 1/2 INCHES x Ө 1/2 імснев x 11 INCHES, WEIGHT IS 
І2 POUNDS INCLUDING THE MOUNTING BRACKETS., PowER 15 SUPPLIED 
FROM AN EXTERNAL SOURCE, THE TEMPERATURE RANGE TO WHICH , Е 
BEACON WAS SUBJECTED IN THERMAL TESTS RANGED FROM MINUS 45 
DEGREES ТО PLUS 185 DEGREES, FAHRENHEIT, THE UNIT WAS TESTED 
IN A DEPRESSURIZED CONDITION OUTSIDE OF ITS PRESSURIZED СОМ- 
TAINER UNDER FAR MORE SEVERE CONDITIONS THAN IF IT WERE PRES- 
SURIZED FOR A FLIGHT OF SHORT DURATION, 


DIFFICULTIES ENCOUNTERED WITH THE RADAR BEACON WERE 
PRIMARILY THOSE ОҒ PACKAGING, ELIMINATION OF NOISE AND БЕСЕМ- 
ERATIVE EFFECTS, AND THE SELECTION OF COMPONENTS THAT WOULD 
WITHSTAND THE ANTICIPATED TEMPERATURE RANGES, |Т WAS FOUND 
NECESSARY TO PROVIDE THE BEACON RECEIVER WITH A FILTER THAT 
WOULD ELIMINATE ANY BEACON RESPONSE TO SIGNALS OTHER THAN THE 
TRACKING RADAR, THIS INCLUDES OTHER RADAR OPERATIONS IN THE 
VICINITY AND ADJACENT "5" BANDS AND "XW BANDS, DESIGN AND 
CONSTRUCTION OF THIS FILTER IS NOW IN PROGRESS, 


A FURTHER TEST CONTEMPLATED FOR THE BEACON IS THAT OF A 
TEST FLIGHT IN A c-46 TRANSPORT USING THE ANTENNAS TO BE 
INSTALLED IN THE MISSILE АМО 1М CONJUNCTION WITH АМ SCR-584 
GROUND RADAR, THE EXTERNAL PORTABLE POWER SUPPLY UNIT HAS 
BEEN COMPLETED AND IS AVAILABLE FOR TEST PURPOSES, 
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FIG, 32 -- МХ-774 КАРАБ ВЕАСОМ HOUSED IN PRESSURIZED САМ 
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SECTION IX 
TEST OPERATIONS 


A. STATIC TEST PROGRAM 


THE STATIC FIRING TEST SITE AT POINT LoMA, STARTED DUR- 
ING THE REPORT PER!OD, IS PROGRESSING RAPIDLY, BY THE END 
ОЕ AUGUST ALL GRADING AND EXCAVATING HAD BEEN FINISHED, BLOCK= 
HOUSE FLOOR AND WALLS POURED, STATIC TEST TOWER COMPLETED 
([INCLUDING DERRICK LEG SHIELDS АМО SPRAY-WATER PLUMBING), AND 
THE APPROACH ROAD OILED, FiguRE 33 SHOwWS THE TEST SITE, 
PLUMBING AND WIRING OF THE AREA WAS WELL UNDER WAY WITH THE 
NAVY PORTABLE GENERATOR IN РАСЕ, N.E.L, 15 PROVIDING 24 
HOUR PATROL AND FIRE FIGHTING SERVICES. TELEPHONE TRUNK ЕХ- 
TENSION FROM АМ ADJACENT GUN BATTERY WAS OK'pD BY THE ARMY, 


INSTRUMENTATION FOR THE BLOCKHOUSE AND PROOF TOWER HAS 
BEEN STARTED, 





FIG, 33 -- POINT LOMA STATIC FIRING TEST SITE 
AT FORT ROSECRANS, SAN DIEGO 
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АМ INSTALLATION IS BEING MADE TO LOCATE CAMERAS FOR 
PHOTOGRAPHING THE TEST CELL INSTRUMENT PANEL AND ALSO THE 
MISSILE DURING STATIC RUNS, ONE 35-MM BELL АМО HOWELL EYEMO 
CAMERA WILL МАКЕ A RECORD OF THE PANEL, · ONE EYEMO AND ONE 
16-мм BELL AND HowgELL GSAP сАмЕвА WILL PHOTOGRAPH THE MISSILE 
FROM LOCATIONS IN A WINDOW FRAME INSIDE THE TEST CELL, ADDI- 
TIONAL EXTERNAL CAMERAS WILL PHOTOGRAPH THE MISSILE FROM 
VANTAGE POINTS IN THE TOWER AND ON THE ROOF OF A NEARBY SHED, 
CoLORED MOVING PICTURES WILL BE TAKEN BY SOME ОҒ THESE CAMERAS, 


PRocEDURES AND SPECIAL INSTRUCTIONS REQUIRED FOR SAFE 
AND EFFICIENT OPERATION OF THE STATIC TEST VEHICLE ARE IN 
PROCESS. 


CONFIGURATION OF MissILE PowER PLANT PRIOR TO START 
OPERATION OF EQUIPMENT USED DURING STARTING 

Ромен PLANT FIRING PROCEDURE — SEQUENCE ОЕ OPERATIONS 
Ромев PLANT OPERATING LIMITS 

NoRMAL 5нут-Помм PRocEDURE 

EMERGENCY SHUT-DowN PRocEDuRE 

STATIC TEST РвосваАм 


етдае-----,--,--,----- 


— OY, [S — 


THE POWER PLANT ACCEPTANCE TEST PROCEDURE HAS BEEN WRIT- 
TEN AND RELEASED FOR DISTRIBUTION, THIS TEST WILL BE COORDI-— 
NATED WITH TESTS FOR OTHER GROUPS INTO ONE GENERAL MISSILE 
ACCEPTANCE TEST. 


В. FLIGHT TEST PROGRAM 


THE PRELIMINARY DETAILED PROGRAM FOR FLIGHT TESTING OF 
THE ҒІк8тТ МХ-774 HAS BEEN RELEASED; LAUNCHING 15 ASSUMED TO 
ТАКЕ PLACE AT WHITE 5АМ08. PROCEDURES FOR PRE-FLIGHT СНЕСК- 
OUTS AND FOR LAUNCHING ОҒ А MISSILE ARE BEING PREPARED, AL- 
READY IN WORK ARE: 


CoLD CHECK OF PROPULSION SYSTEM PRIOR TO FLiIGHT 
LAUNCHING OF THE MisSsILE 

PRocEDURE DURING FLIGHT 

PROCEDURE FOoLLOWING FLIGHT 


— — — 
фам го — 
——  - - 


NECESSARILY, THE PROCEDURES WILL BE TENTATIVE UNTIL AFTER 
COMPLETION OF STATIC FIRING TESTS, TIMING SEQUENCE AND METHOD 
FOR TRIGGERING FUEL СУТ-ОҒҒ, PARACHUTE RELEASE, AND DETONATION 
ОҒ SELF—-DESTRUCTION DEVICE ARE BEING WORKED OUT TO ENSURE 
DESIRED RESULTS IN ANY EVENTUALITY WITH MINIMUM COMPLICATION 
OF COMMAND CHANNELS, 
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THE LAUNCHING TABLE WAS REDESIGNED TO INCORPORATE A 
WATER-JET AFTER—-SHUT—-DOWN EXTINGUISHING SYSTEM WoRK ON THAT 
PBRTION OF THE FLIGHT TEST INSTRUMENTATION TO BE UTILIZED DUR= 
ING STATIC FIRING TESTS HAS ВЕЕМ STARTED, 


THE NOSE INSTRUMENT PANEL INSTALLATION HAS BEEN RELEASED 
FOR THE STATIC TEST MISSILE ONLY; А PHOTO-RECORDER PANEL TEST 
PATTERN HAS GIVEN GOOD TEST РНОТОСВАРНЗ. INSTALLATION OF 
PHOTO-RECORDER PANEL INSTRUMENTS 15 SHOWN IN FlGURE 34, 





FIG, 54 -- PHOTO-RECORDER INSTRUMENT PANEL 
IÑ NOSE OF MX-774 B TEST VEHICLE 
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SECTION X 
PROJECTED WORK PROGRAM 


WoRK TO BE INITIATED, CONTINUED, OR COMPLETED DURING 
THE NEXT WORK PERIOD INCLUDES THE FOLLOWING ITEMS; 


(1) 


(2) 


(7) 


(8) 


(9) 
(10) 


CoNTINUATION ОҒ АЕВОПрҮМАМІС ANALYSIS AND ОҒ GUIDANCE, 


CONTROL, AND TRAJECTORY RANGE STUDIES, 


FUuRTHER EQUIPMENT DEVELOPMENT FOR THE STABILIZATION 
AND CONTROL SYSTEM, 


CoNTINUATION OF EXPERIMENTS WITH THE PRECISION MIS- 
SILE POSITION TRACKING EQUIPMENT, 


Ї МАОСОВАТІОМ ОР RANGE ООРРІЕК ВЕМСН TESTS, 


CoMPLETION АМО TEST ОҒ COMMAND GUIDANCE CONTROL 
$ҮЗТЕМ FOR TEST MissiLE Мо. 2. 


CoMPLETION ОҒ THE TELEMETERING GROUND STATION TRUCK 
AND ТВҮ-ОУТ AT THE SITE, 


|МӘРЕСТІОМ OF COMPLETE STATIC FIRING TEST MISSILE 
AND INSTALLATION OF MISSILE IN THE TEST STAND AT 
PoINT [| ОМА. 

CoMPLETION OF WORK АТ THE STATIC FIRING TEST SITE 
AT PoINT LOMA AND СНЕСК-ООТ OF CONTROL AND INSTRU- 
MENTATION CIRCUITS, 

RELEASE OF REMAINING $ТАТ1С TEST PROCEDURESe 


CoNFERENCE ON FLIGHT TEST FACILITIES AND AVAILABLE 
INSTRUMENTATION OF WHITE 5АМО5» 
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TECHNICAL DATA 


А. INTERNAL КЕРОКТ5 


СУАС 2М-001 А $ТООҮ оғ RANGE MEASUREMENT SYSTEMS 


УНЕ AIRBORNE ANTENNAS FOR ARMY TEST 


VEHICLE 


DEVF 4055 





СУАС ZN-6002-003 TELEMETERING КЕСЕіУІ МЕ АМТЕММА ARRAY 
FOR ARMY TEST VEHICLE 


В. РКОЈЕСТ АСТІУІТҮ КЕРОКТ5 
REF. РІЛБЕ СУАС М0. 
| GROUND-TO-GROUND MiISSILE PRoGRESS FOR MAY 1946 1496-1 
2 бвоимо-то-бвоумо MISSILE PRoGRESS FOR JUN 1946 1496-2 
3 GROUND-TO-GROUND MISSILE PROoeRESS FOR Уш 1946 I4S6-3 
4 бвоумо-то-бвоумо MiISSILE PRoGRESS кок Аув 1946 1496-4 
5 Сбяоумо-то-бвоумо MISSILE PROGRESS FOR ЗЕР I946 I496-5 
6 GRouND-ToO-GROUND MiISSILE PRoGRESS ғов Ост 1946 1496-6 
7 GROUND-TO-GROUND MISSILE PRoGRESS FOR Nov 1946 1496-7 
8 GnouND-TO-GROUND MISSILE PRoGRESsS ков DEc 1946 1496-8 
9 GRouND-TO-GROUND MissiLE PRoGRESS FOR ЈАМ 1947 1496-9 
10 GRouND-TO-GROUND MisSsiLE PRoGRESS FOR РЕВ 1947 1496-10 
11 GRouND-TO-GROUND MissiLE PRoGRESS FOR МАВ- АРЕ 1496-11 
12 GRouUND-TO-GROUND MissiLE PRoGRESS FOR МАҮ-ЈОМ I496- 12 
C. REFERENCES 
REF А. THE ANALYSIS AND SYNTHESIS ОҒ LINEAR SERVO- 
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Атты: LT. CoL. J. А. GERATH 


BUREAU ОҒ AERONAUTICS GENERAL ВЕР. — WD 
SEVENTH FLooR, 1206 SANTEE STREET 
Los ANGELES 15, CALIFORNIA 


CHIEF OF THE BÜREAU OF ORDNANCE 
NAVY DEPARTMENT 

WASHINGTON 25, 0. С. 

ATTN: БЕ9 


CHIEF OF NAVAL OPERATIONS 

NAVY DEPARTMENT 

WASHINGTON 25, D. С. 

Аттм: ОР-ЗАН, ОР-34Н8 АМО OP—413 


СОММАМОІ М6 GENERAL 
Авмү Дік Ғовсе5 

ТНЕ РЕМТАСОМ 
WASHINGTON 25, D. С. 
Аттм: DC/AS,-DRD 


COMMANDING GENERAL 
ABERDEEN PROVING GROUND, MARYLAND 
АТТЫ: LIBRARY SECTION 


COMMANDING GENERAL 

ДІК UNIVERSITY 

MAXWELL FIELD, ALABAMA 

Атты: AIR UNIVERSITY LIBRARY 


СОММАМОАМТ 
СОММАМО АМО STAFF COLLEGE 
FoRT LEAVENWORTH, КАМ5А5 


СОММАМОАМТ OF THE MARINE CORP5S 
HEADQUARTERS, U, S. MARINE СОВР5 
WASHINGTON, D. С. 

Аттм: 0-3 (SPECIAL WEAPONS) 


СОММАМОАМТ 
ARMED ҒОвсЕ5 STAFF COLLEGE 
NoRFoLK 11, VIRGINIA 


СОММАМОЕК, NAVAL AiR TEST CENTER 
PATUXENT RIVER, MARYLAND 
Атты: DiRnREcToR CF TESTS 


СОММАМОІ МС ОҒҒІСЕК 

NAVAL Ата EXPERIMENTAL STATION 
PHILADELPHIA, PENNSYLVANIA 
Атты: борт. АН 


СОММАМОІ МС ОҒҒІСЕК 
NAVAL AVIATION ОКОМАМСЕ TEST STATION 
CHINCOTEAGUE, VIRGINIA 


СОРҮ No. 
В-24 


B—30 


B—31 


B—32 


8-34 


В-35 


В-36 


В-37 


В-38 


В-39 


COMMANDI NG OFF I CER 
WATERTOWN ARSENAL 
WATERTOWN 72, MASSACHUSETTS 
ATTN: LABORATORY 


СОММАМФЕК OPERATIONAL DEVELOPMENT FORCE 
CARE OF FLEET Роѕт OFFICE 
NEw YoRK, NEw YoRK 


DiRnRECTOR OF RESEARCH & DEVELOPMENT 
WAR DEPARTMENT GENERAL STAFF 

Коом ДЕ842 - PENTAGON 

WASHINGTON 25, D. C. 


DiRECTOR, SEACOAST SERVICE TEST SECTION 
ARMY GROUND Ғовсе5 BoARD Мо. 1 
FoRT BAKER, CALIFORNIA 


HEAD OF ORDNANCE AND GUNNERY 
U. S. NAVAL ACADEMY 
ANNAPOLIS, MARYLAND 


OFFICE OF THE CHIEF OF ORDNANCE 
ORDNANCE RESEARCH & DEVELOPMENT 
DIVISION 

AMMUNITION BRANCH 
PENTAGON 
WASHINGTON 25, D. C. 


OFFICE OF CHIEF SIGNAL ОҒҒІСЕК 
ENGINEERING & TECHNICAL SERVICES 
ENGINEERING DIVISION 

PENTAGON 

WASHINGTON 25, D. C. 


OFFICE OF THE SECRETARY OF WAR 
Воом 3Е880 — PENTAGON 
WASHINGTON 25, D. С. 


ORDNANCE ADVISORY COMMITTEE 
ON GuIDED MISSILES 

GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39, MASSACHUSETTS 

ATTN: DR. H. В. RICHMOND 


PRESIDENT 
ARMY GROUND Ғовсе5 BoARD Мо. 1 
FoRT BRAGG, NORTH CAROLINA 


PRESIDENT 
ARMY GROUND FoRCES BoARD NO, 4 
Ғовт BLISS, TEXAS 


РКОҒЕЅЅОК ОҒ ORDNANCE 
U. S. MILITARY АСАОЕМҮ 
WEST POINT, NEw YoRK 


SECRETARY SPECIAL BOARD 
COMMANDANT OF THE MARINE CORPS 
MARINE CoRPS ScHooLS 

QUANTICO, VIRGINIA 


NATIONAL WAR COLLEGE 
WASHINGTON 25, D. С. 
ATTN; LIBRARY 
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APPLIED PHYSICS LABORATORY 
JOHNS HOPKINS UNIVERSITY 
SILVER SPRING, MARYLAND 
Аттн: DR. DwIGHT E, GRAY 


BELL AIRCRAFT CORPORATION 

NIAGARA FALLS, NEw YoRK 

Аттн: Мк. R, H, STANLEY 
MR. B, HAMLIN 


BELL TELEPHONE LABORATORI ES 
MURRAY HILL, NEw JERSEY 
Аттн: рк. W. А. MACNAIR 


BENDIX AVIATION CORPORATION 
SPECIAL PRODUCTS DEVELOPMENT 
FAST TETERBORO, NEW JERSEY 
АТТМ: DR, HARNER SELVIDGE 


BogiNG AIRCRAFT COMPANY 
SEATTLE 14, WASHINGTON 
Атты: MR. К. Н. NELSON 
СОМЅО IDATED-VULTEE 
А1ЕСЕАЕТ CORP. 
(ОМЕ STAR LABORATORY 
DAINGERFIELD, TEXAS 
ATTN: MR. J. E. ARNOLD 


CoNsoL IDATED—-VULTEE 
A!RCRAFT CORP, 

SAN Пікво 12, CALIFORNIA 

Атты: MR, А. W. ABLES 


CORNELL AERONAUTICAL LAB, 
BUFFALO, NEw YoRK 
ATTN: MR, М. М. DuKE 


CURTISS—WRIGHT CORPORATION 
CoLUMBUS, OHIO 
Атты: MR, BRUCE EATON 


бомсі.А5 AIRCRAFT COMPANY 
EL SEGUNDO BRANCH 

EL SEGUNDO, CALIFORNIA 
Атты: Мк. Е. Н. HEINEMANN 


DOoUGLAS AIRCRAFT COMPANY 

3000 OCEAN BOULEVARD 

SANTA MONICA, CALIFORNIA 

ATTN: Мк. A. Е. RAYMOND 
(РкоЈЕСТ КАМ) (1) 
MR. Е. F. BuRTON (Í) 


EASTMAN KODAK COMPANY 
NAVY ORDNANCE DIVISION 
КОСНЕЅТЕК, Мем YORK 

Атты: DR, НЕКВЕКТ ТКОТТЕК 


FAIRCHILD ENGINE 6 АІРР! АМЕ 
Соке МЕРА рім: 510м 

р. 0. Box 415 

ОАК R:DGE, ТЕММЕ55ЕЕ 

Атты: Мк. А. KALITINSKY. 
СНІЕҒ ENGINEER 

FAIRCHILD ENGINE & AIRPLANE 
GoRP PiLoTILESS PLANE DIVISION 
FARMINGDALE, LONG [SLAND, N. Y. 
Атты: Мк. J. А. SLONIM 


THE FRANKLIN |М5ТІТУТЕ 
LAB8ORATORIES FOR RESEARCH АМО 
DEVELOPMENT 

PHILADELPHIA, PENNSYLVANIA 
ATTN: MR, К. Н. MCeCLARREN 


GENERAL ELECTRIC COMPANY 
PRojECT HERMES 
SCHENECTADY, NEw YoRK 
Атты: MR, С. K. BAUER 


РКІМЕ CONTRACTORS 
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РАКТ С 


GENERAL ELECTRIC COMPANY 
FEDERAL & MARINE 
COMMERCIAL DIVISION 
SCHENECTADY, NEw YoRK 
ATTN: Ме. A. L, RutZ 


GENERAL ELECTRIC COMPANY 

AVIATION DIVISION 

SCHENECTADY, МЕм YoRK 

ATTN: Мк. S. A. SCHULER, JR 
Мк. PHILLIP CLASS 


GLENN L, MARTIN COMPANY 
BALTIMORE, MARYLAND 
ATTN: Мк. N. М. VooRHIES 


GLENN L. MARTIN COMPANY 
BALTIMORE 3, MARYLAND 
ATTN: MR. W. B. BERGEN 


GLOBE CORPORATION 
AIRCRAFT DIVISION 
JOLIET, [LLiNOIS 
ATTN: MR. J. A. WEAGLE 


бОООҮЕАК AIRCRAFT CORP. 
Аккон, Оніо 
Атты: DR. CARL ARNSTEIN 


GooDYEAR AIRCRAFT 

PLANT "В" 

Акком 17, OHIO 

Аттн: MR, А. J. PETERSON 


GRUMMAN AIRCRAFT 
ENGINEERING CORPORATION 
BETHPAGE, LONG ISLAND, N. Ү. 
Атты: MR. WILLIAM T. 
SCHWwENDLER 

HUGHES АІКСКАҒТ COMPANY 
CULVER CITY, CALIFORNIA 
Атты: MR, 0. Н. ЕУАМ5 


ЧЕТ PROPULSION | АВОКАТОКҮ 

CALIFORNIA |М5ТІТУТЕ ОҒ 
TECHNOLOGY (2) 

РАЅАРЕМА Д, CALIFORNIA 


KELLEX CORPORATION 
Мем/ Үокк, Мем YoRK 


М. М. KELLOGG COMPANY 
Ғоот оғ DANFORTH AVENUE 
JERSEY CITY 3, NEw JERSEY 
DR. G. H. MESSERLY 


CHAIRMAN, MiT, GMC (2) 
PRoJECT METEOR OFFICE 
MASSACHUSETTS |М5ТІТУТЕ OF 
TECHNOLOGY 

CAMBRIDGE, MASSACHUSETTS 
Аттн: DR. H. б. STEVER 


McDoNNELL AiRCRAFT CoRP. 
ST. 0015, MISSOURI 
Атты: MR. W. P. МОМТСОМЕВҮ 


NoRTH AMERICAN AVIATION, NC. 
Los ANGELES, CALIFORNIA 
Аттн: Мк. D. H. MASON 


МОКТНКОР AIRCRAFT [NC, 
HAWTHORNE, CALIFORNIA 


PRINCETON UNIVERSITY 
PHYSICS DEPARTMENT 
PRINCETON, NEW JERSEY 
Аттн: MR, HARRY ASHWORTH 
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РКІ МСЕТОМ UNIVERSITY (3) 
РКіМСЕТОМ, МЕМ JERSEY 
ATTN: PROJECT SQUID 


RADIO CORPORATION OF AMERICA 
VICTOR DIVISION 

CAMDEN, NEw JERSEY 

Атты: Мв. T. T. EATON 


RADIOPLANE CORPORATION 
METROPOLITAN AIRPORT 
VAN NUYS, CALIFORNIA 
Аттн: Мк. FERRIS SMITH 


RAYTHEON MANUFACTURING CO, 
FINAL TEST BUILDING LAB, 30 
WALTHAM 54., MASSACHUSETTS 
Атты: MRas., Н. L. ТНОМА5 


REEVES [N>TRUMENT СОКР. 
215 E. 91sT STREET 
Мем Үовк 28, Мем YoRK 


REPUBLIC AVIATION CORPORATION 
MILITARY СОМТКАСТ DEPARTMENT 
FARMINGDALE, L. 1., Мем YoRK 
Атты: DR, WILLIAM O!DONNELL 


RYAN ДЕКОМАЧТІ CAL COMPANY 
LINDBERG FIELD 

SAN DIEGO 12, CALIFORNIA 
Аттн: Мк. Н. А. SUTTON 


SPERRY GYROSCOPE CO. , INC, 
GREAT NECK, L. |., Мем YoRK 


UNITED AIRCRAFT CORPORATION 
CHANCE VOUGHT AIRCRAFT 01У, 
STRATFORD, CONNECTICUT 
ATTN: MR, Р. S. BAKER 


UNITED AIRCRAFT CORPORATION 
RESEARCH DEPARTMENT 

EAST HARTFORD, CONNECTICUT 
ATTN: MR, JOHN G. LEE 


UNIVERSITY OF MICHIGAN 
AERONAUTICAL RESEARCH CENTER 
WILLOw RUN AIRPORT 


ҮР5ІШАМТІ, MICHIGAN 
Атты: MR, К. F. MAY 
DR. А. М. KuETHE 


UNIVERSITY OF SOUTHERN CAL. 
NAVAL RESEARCH PROJECT 
COoLLEGE OF ENGINEERING 

Los ANGELES, CALIFORNIA 
Атты: DR. R. T. DEVAULT 


UNIVERSITY OF TEXAS 
DEFENSE RESEARCH LAB, 
AUSTIN, TEXAS 

ATTN: DR. C. Р. BoNER 


(ОСКНЕЕО AIRCRAFT CORP. 
BURBANK, CALIFORNIA 
ATTN: MR, HALL L, HIBBARD 


CALIFORNIA INSTITUTE OF TECH 
ЈЕТ PROPULSION LABORATORY 
PASADENA, CALIFQRNIA 

Атты: Ма. L. G. DUNN 





